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ABSTRACT

70”Orphi¢ st

dies in the Paradox Basin nave
R s Jmorph
: "Epos ory.f
‘Studies have included pa]ﬂ0c11mab; 4ssessmenbs and eualuatlon ‘of the Needles
Fault zone, and an asgessment ol geologic age dating results and techniques.

' Since 1979, Quatorna‘y qnd

Fossil pollen, snail shells, pack rat middens, and Holocene stratigraphic
units. have been examined as potentizl palecclimatic indicators. Of thesa, the
most definitive data have been an ipterpreted. *3,000-year vegetation record
found in the pack rat middens, This record defines the late Fleistocene-
‘Hotoeene:elimatio transition at approximately 20, 800 years—ago,~and “indicates -
that temperature deercased and preciplcation inercasaed during the late Pleis-
tocene relative to the present. In the Needles Fault zone, age dating results
and geomorphic studies indicate that the northeastern. grabens may be the .
yonngﬂst and that the systcm la at least 65,000 years o]d qunp this date-
and in assumed Colorado River incision rfate, the maximum rateé at which gribens
have spread eastward [rom the river canyon can be estimated,

The most useful age dating techniques for the Paradox Basin are the
accumulation of pedogenic cgrbonate in the soil profile, radiocarbon dating,
thermoluminescence dating, aminc acid diagenesis of mellusk shells, paleomag--
netic analysis of early Pleistecene deposits, and topegraphie pesition of
deposits and surfaces, Method applicability depends on the datable materials
present, the Pthmated age -7 the sample or depOSlt and potential con-
taminants that could aff. alysis,




FCREWORD

- 7o > ¥ : cnb or’"the E* rgy
;jand DPVﬁlopmen ~Adm1n1qttat10n In Saptmmber- 13, this program became the
Civilian Radioactive Waste Manapement. {CRWM) Program. Its purpose is to
develop technology and provide facilitics for safe, envircamentally accepb- .~
able, permanent disposal of high-level waste {(HLW)Y. HLW includes wastes [from
both commercial and defense sources, such as spent (used) fuel from nuelear
power reactcrs, accumulations of wastes From:produntinn ol nuclear weapons,
and solidilied wastes from fuel iCpfOOOb sing. S T

The ‘information in this ,pnr -'*:rl‘ﬁ.nn‘; ‘ i,o Lhu P_ adox Basin g?ologuz '
studies of the Salt Repository Proiccet of the QfTice of Geologic Hepositories
int -the CRWM Program, :
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T.00 INTRODUCTION ©

' Severél‘siﬁlhg'hriteriﬁ of the U.8. Nﬁcléarzﬁégulétory Commiséioh'(NRC)
and the U.5. Department of Energy (DOE):require that. various aspects of

”mQuatern11y geology and geomorphology be-studied to-evaluate the suitability . = -
-of a proposed-repository site,  ‘These regulatory criteria-reguire that-a site -

setbing has exhibited structural, tectonie, hydrogeologic, and geomorphic
stability since the start of the Quaternary period. Additionally, the nature
and rate of tectornie, structural, hydrogeclogic, and pgecomorphic processes that
have cecurred since the start of the Quaternary period must be such that, when
projected into the Fubture, they should not affact, or should favorably affect,
the ability of the geo‘oglo FGD001L0Py to isolate the waste,

_ Aucord1ngly, the PepObltOty MUSE remain below Lhe depth oF erosion and
denudatbion during its lifetimz and be sited in an area where no signitficant
geologic event, such as local dissolution, faulting, igneous aetivity, fold-
ing, fracturing, uplift, or subsidence has occurred during Quabernary Lime,
The potential effects of climavice changes on the geochemical, hydrologic,
and geomorphie processes ocourring in the vicinity of the site are also of
particular interest,

The identification and correlation of Quaternary deposits and soils

pravide a means of addressing siting issues and evaluating the suivability

of areas in the Paradox Basin for potential repository sites. These tasks are
most easily and reliably accomplished when the age of the deposits or scuils of
interest can be ascertained. Pates provide a means of correlation and can be

vaed to establish the rates at which geologic processes are occurring, thereby
addressing many of the technical criteria outlined In 10 CFR Part 60, Disposal
of High.level fladicactive Wastes in Geclogic Repositories; Technical Criteria.
Interpretations derived from the dated deposits can alse be used to recon-
struct conditions, such as climatic contrels, that would have affected the
deposits or soils ab the time of their formation, These climatic conditions
and Lheir effect on geomorphic processes can then be projected into the future
Lo asgsass potential effects of future climatic variability, ancther regulatory
isaue, Theroforp, the dating of Quaternary deposits has comprised a signif-
Jeant aspect of the Geomorphology/Quaternary History discipline of "Ehe Paradox
Basin studies,

1.1 HISTORY. OF QUATERNARY STUDIES

“Quaternary studies bave been a technical diseipiine of Paradox Basin
studies sinee regional evaluations were begun by Woodward-Clyde Consultants
(WCCY In 1979. 1o the initial geologic overview of the Paradox Basin study
region, the types and occurrehce of Quaternary deposits were described, and
an estimate of the long-term rates of incision and scarp retreat was given,
This work (WCC, 1983) was based on a review of avallable literature,

Field studies began in 1979 and continued intermit ently through
Sepbember 1982, The aerial and ground surveys cf summer 1579 provided an
overview. of the area, and focused on identifying areas where additional work -

was-foasible-and- would be most-eflective- for- obtaining data.-—-Efforts. were - -
ceoneentrated. bngsuccessive years. on these, specific data Yoeations, [ Data o .. 00



“'collectéd prior to Jantary 1982 were reported In the Geologic Characterization
Report for the study areas (WCC; 1982a)'within the Paradox Basin study region.

Overviews of. geomorphic processes that are and have been occurring in .the-

. Paradox Basin, erosion rates, paleoclimatic varlablllty, and. Quaternapy

deposits and SOLlS were dlSCUSS°d in this report for the entire region,.and

oollected during the previous Field seasons (primarily 1980 and 1981). How-
ever, not all the data had been received from the analybical laboratories when
the 1682 reports wWere compiled; these data are reported in this document,

The brief {3 weeks) 1982 field effort was in support of future charac-
terization of the Davis and Lavender Canyon sites. It focused on eollecting
geologic and maerofossil data in order.to reconstruet paleoclimatic condi-
‘tions, and 'te make a preliminary ‘assessment of the deformational history of
the Needles Fault zone of Canyonlands Wational Park. The character and vari-
ation in Holocene deposits in the Salkt Creek drainage, which lies along the
eastern border of the park, were examined to identify sedimentologic changes
. that might be attributed to elimatiec change. A subcontractor collected pack
rat middens to assess the feasibility of reconstructing paleoclimates From
plant macrcfosgils, and several gecologic samples were collected to date
Holocene deposits in the Needles Fault zone and along Salt Creek. Laboratory
analyses of the 1982 samples were completed in December 1983, The pack rat
data were subsequently published as a separate report (Betancourt and Biggar,
1987); the results of the Canyonlands studies are reported in Chapters 2
and 3.

1.2 PURPOSE AND ORGANIZATION OF REPORT

The purpose of this report is twofold, First, it presents the results
of studies completed since the compilation of the Geologie Characterizaticn
Report (WCC, 1982a}, Accordingly, Chapber 2 contains the results of late
Pleistocene/Holocene paleoclimatic studies conducted to date; data gathered on
the Quaternary history cf the Needles Fault zone are d1scussed in Chapter 3.

The -second ohjective of the report is to provide a compilaticn and an
assessment of the geologic dates that have been derived From Quaternary
deposits and soils sampled during the course of the project. Chapter !
presents the results of determinations and éstimates that have been made
by labcoratory analyses of samples collected since the project began., Most
of these dates have been given in previous reports in the context of describ-
ing and correlating Quaternary depesits and solls., However, they have not
heen evaluated as an entity in terms of the reliability and applicability of
specific technigques, nor has the comparison of results obtained from multiple
techniques been comparcd for single locations. Chapter U is a compilation and
gvaluation of all the dating techhiques that have becn tsed an this project.

In addition te the application of this information te the geologic characteri- . .

zation of the site, the data are also ¢f interest Lo those in the scientific
community who are working in similar geolcgic and physical envircnments.

Localities referred to throughout the text are shown on Figure 1-1; age .

_data relating.to -those.localities are ligted-in Table 1-1,7 For convenience,
~ many of- the data given in Table.1-1 are organized-into. smalle bableS"in“
_Chapter M, where the data are dlsousded and. evaluated oL

2

R 1 ‘the ‘Gibson. Dome, E1K Ridge, Lisbon’ Valley, and Salt Valley study. areas "”': el
{WCC,~ 1982a). These reports . ificluded dating and pedologic analyses of samples
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(Page 1s of is)
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fejative weathering age assessmenis wote made at localliles indicated with an x. X = XaTay analysis. H = heavy mireral aralys$s. W = westherirc Tird measurements {Section 4.L.73.

qops .= TopeaTacniuv swetiing.  Age estimates (x1,000 yoars) at¢ Dased on an estimated long-term jrcisfon zate of 0.24 m/1,000 yeers. x = tcmgrauhi:c position provided 2 qualitative '?'_!‘-H“été ar
age.  See o ' .
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Tap'e l-i. Geo.ogic Age Data Collected at Leocalities in the Paradox Basin, Utah
{Page .5 of .4)

U7 s Texture and/or cementation of soil andfor depesit. x s ualltatlve age es

“Aoing acid anal

. Fer gtarTed enirles, see cooments colum Lo the right.

imate.

€ = pecogenic .carbomate motphology, as descrided In Seetion 4,1.1. x = qualitative age estlmate. (x} signi
CaCl, = accumulation of pedogenic cerbonate In soil orofile. “Age {x1,00C vears) based on a carbonate accumulation rate of 0.15 § to 0.25 g/en’/],000 vears [Section IR
: 3 e distribution In soil prafile was anaivyzed: -

TL = thermo nesgence analysis. Laboratory aumbets aze tiven In Tanle 4-B (Section 4,1.3). : .
;"at I raciocarbon andlvses. Age glven In 1,000 years befurs present {81, _LaDoTatory numders fOT sarmples are given in Table 4-6 {Secilom 4.1.2%, i
U-Th - Taniemoseriss analysis {Sectlon s.1.80. P .

taboratory mumbess glven In Table 4210 (Section 4.1.4). x = amino acids in soils measuted: no interpreted date. D
Paleonay : paleusagnetic analysis. oe ¢stlmites based on normal [473C,000 years) peleomagnetic sigmature or veversed (>730,000 years) palecmagnetic signatute. Labora:ory mumbsrs given on
Figures 4=3 ang s~& {Scotien 4..5). ! . s .
Zrackets denste duplicate of tripllcate dales.

x - particl




2.0 HOLOCENE PALEOCLIMATE STUDIES -

Potentlal CllmablL trendb are of 1nberest to repository studies because o
of their possible effect on ground-water. recharge and_flow, and-on the rate at

- =" "which geomorphic processes-are-occurringi-- Major: periods:of widespread glacias- ="

tion ocecurred in the Rocky Mountain regicn throughout Plelsbocpne time.  In:
the Paradox Basin, coarse-grained pre-Holocene fluvial deposits and buried
s0ils (WCC, 1982a, Vol. I, pp. 3-23 to 2-25) attest to the occurrence of these
periodic climatic changes. The most recent major change from a cool, wet, =~
late Pleistocvene climgte, which is associated with mountzin glaciation in the
western United States, to conditions that resemble the present-day environment
occurred approximately 11,000 to 8,000 years ago (Spaulding et al., 1983;

- Baker, 19837 - Betancourt, 1984).- ﬂlthough rainfall -and temperature sinve then -
have varied, no changes during the Holeocene period (the:last 10,000 years)
have been as large as those accompanying a major glacial ice advance and
retreat. . .

"Initial Quaternary Studies for the Paradox Basin Project focused on pre-
Holocene fluvial terrace deposits resulting from glacial and periglacial
activity at the headwaters of streams in the study area (WCC, 1982a). Streams
draining the fbajo, La Sal, and Henry Mountains received large sediment lecads
a8 a result of this activity, This led to the development of nested gravel
terraces in the downstream portions of the stream valleys. The Pleistocene
deposits consist primarily of gravel clasts and boulders, and are clearly
distinect from the overlylng fine-grained deposits that are interpreted to be
representative of Holocene fluvial depositional regimes. The youngest dates.
derived from the gravel deposits, based on thermoluminescence (TL) analyses
of fine-grained material separated from a gravel matrix, are 9,300 and
17,700 years before present (BP} (Section 4.1.3). However, as discussed in
Section 4.1.3, the samples may have been contaminated by younger eolian silt
that had filtered down inte the gravel horizon where the samples were
collected.

The studies reported in this chapter are focused on the Pleistocenc/

. Holocene transition period and on climatic. fluctuations that occursred during
Holocene time, Methods that are particularly useful for studying paleo-
climates of this age range include examination of (1) paleovegetation incor-
porated into dateable late Pleistocene and Holocene pack rat middens,

{2) pollen.records from bogs or lakes, and {(3) fossil mollusk assemblages -

in gedimentary deposits. Paleoclimatic data can also. be interpreted {rom the
sedimentologlic character of [luvial deposits, whlch record. recognlzable sbream
regime changes that may be climate-related,

All thesc methods werc preliminarily used in the Paradox Basin studies to
determine if the mathods were feasible and uscful. The contents of pack rat
middens collectad from two caves in the Elk Ridge area were analyzed; and a
shallow core, ccllected from the shore of a natural lake, Duck Lake, in the
Abajo Mountains, was-examined for pollen. -Several samples were collected to
date and correlate stratigraphic units in Salt Creek and in Canyonlands
Mational Park to agsess 1If sedimentologic changes may have been climnbically
.conbrolled Flnal]y, snalls collected from stxeam depoq1Lb, p!LMd“lly in the . -~

e IBRNG *t1v1ty :w:_ﬁ“f AT R T T R RS



"2.1 PRESENT CLIMATIC SETTING

Most of. solthsastern Utah has a WAlm sewiarid élimaue at prestnt'
- Arid condlblons prevail along Qanyon boLtom% and on the platoaua, and cooler,
mmohcmhumld COﬂdltlQﬂS gaeur--in-the- h{gher_ppttlonq a0 EHe . La Sal ‘and- AbaJO

~Mounsains, Thréelsources of moist air-are-lmportant “in producing prectpi-

tation 'in southeastern Utah:

1. During Lhe winter months, Paecilic frontal skorms bring rain and snow
to the area as the storms move eastward from the Pacific Coast to
the Rocky Mountains., The normal track of Lhese winter storms is
north of the Paradox Basin, so Ghe re1ult1ng prbhlpltatlon 1n thp
area 1‘ relatlvply low. : . - -

2. 'Preoipltatton during the late summer months (July-September) is the
result of intense convectional storms whose principal meisture
source is warm, moist air carried northwest from the Gull of Mexico.

~The Paradox Basin is presently near the northwestern Limit of '
inlluence for Gulf moisture.

3, During late summer, moist maritime air may also be carried into
southeastern Utah Ffrom the Gulf of (aliforuia (Betancourt and
Biggar, 1985). Much of the summer precipitation in the arca occurs
as localized Lhunderstorms caused Ly convection over the intensely
heated desert areas and orographiec uplift over tho La Sal and Aba jo
Mountaing.

The average annual precipitation in southeastern Utah ranges from less
than 150 wm (6 in) to over 700 am (30 in) (Figure 2-1; Table 2-1).  Areas
lower than approximately 2,130 m (7,000 ft), which constitule most of the
region, have annual precipitation.totals of less than 355 mm (14 in)
{(Figure 2-1}, Precipitation is highest in the La-Sal and Abajo Mountains,
where areas above approximately 2,710 m (9,000 #t) receive more than 635 mm
(25 in) per year. Salt Valley and the low-lying areas adlacent to the
Colorado, -Green, and San Juan Rivers have annual precipitation values that are

_tess fhdn 200 mm (8 in}. - The lowest precipitabion values are recordea at
Green River (152 mm [6 in)) and Hanksville (135 mm [5.3 in]) (Table 2-1) in
Ehe Green River Daserl,

- The mean annual -temperatures 'in portions of southeastern Utah below

2,130 m (7,000 FL) range from 7.6 to 15,0°C (45,7 to 58.9°F) (Table 2-2).
Summe? temperatureb in excess of 37.8°C (100°F) arc common at slevations less
than approximately 1,830 m (6,000 Ft). Subfreezing temperatures comuonly
calise winter precipitation bto Fall as sndw thioughout Lhe reglon. Snowpack in
the La Sal and Abajo Mountains is a signilicant source of sprivg runoff in
streams such.as Pack Creek, Indlan Creek, Cobtonwood. Crco‘, and Cottonwood
Wash,

o0
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Tanie 2-1. Mean Annual Preeipi atlon at Selecteﬁ Monitoring
Stations in the Paradox Basin :

1966 1680 Average

Station . ) : ‘Number fverage Stations With
e - NS, or Elevation Period of of Years Pre21p1trt10n () ca SO-y" Hecord(d)
Stationtd’ Filg. 2-1 Meters Feet  Record Used  of Datafd) mm in o - . in
1 1,165 3,822 1668-19380 13 155 624 c
2 1,208 . 3,965 193119890 LT 214 §.42 2950 8.4
K3 1,240 4,070 1931-1880 52 152 5.57 T T
Sk 1,313 4,308 1937-1380 ug . 135 . 5.31 Rk 5.62
_ 5 1,315 4,315 1931-1980 50 ¢ 198 7.8% 1207 8.15
Carnyonlanis, ol o . . : _ L -
The Needles ) 1,536 5, 040 1966-:580 15 212 8.3% L o ;
: T 1.570 5,150 - 1931-7380 -2 222 8.75 C230 ¢ 9.07 ¢
8 1,798 . 5,300 1966-1480 5 216 8.50 S
g 1,868 6,130 1931-16980 . - 50 0 3 11.66 306.. 12,03
10 1,987 6,500 1966-1686 15 258 1173 o
11 2,079 6,820 1931-1680 . 47 360 14li9 .70
12 2,125 6,975 1930-1962 24 . 326 12.85 :
13 2,048 6,720 19641981 5 383 13.57
Camp Jackson(®) : 14 2,804 . 9,200 1959-1980 13 : 70k 27.70
Uz Sal Mens. hpner\e) ’ 13 2,865 9,400 1959-1980 6 728  28.66
Buckboard Flati®) ST 2,865 9,400 1957-1980 20 780 30.69

‘Station operabed by U.S: Dept. of Commerce, unless otherwise noted. Sources of .data:  U.S. Depa"tmenh of

Agriculture {3530); U.S. Department of Commerce {1965; 1960-1981); Soil Comservation Service L79?8]

annuai totals are unavailable for some years at some stations.

Gverages calculated for water years, October 1 - September 20. :

These 15-year averages are Included for long-lerm ;tatlon; for better comparison with more receﬂtly -nstdlled

_staticns In general, precipitaticn for 196€-1980 was slightly greater than that for 1931-1880.

taiian operazed by Soil Conservation Service, Sait Lake City.




Table 2-2. -Mean Amuiual Temperabure at Selected Monitoring:
: Stations in the Paradox Basin . = . o

Station™ = T T Period of T Number 7 Average

. Mo, on __Elevation Record of Years  Temperature

Station Fig. 2-1 Meters =~ Feet = Usced of Data °C M

Bullfrog Eagin o 1, 165 3{82é 19711980 [V 5.0 59.0
Moab MW P 1,208 3,965 0 1962:1979 15 3.5 863

Graen River 3 1,200 &,070 1961ﬂ1975_ 13 0.9 51.6

Hanksvilie t 1,313: 4,306 1961-1980 20 1.5 52,7

. giuct : .35“ | 5,315 0,315 19621980 18 1.7 53.0

Canyonlands, :

The Heedles & 1,536 5,040 1966- 1980 12 11.6 62.8
Thempsons 7 1,570 5,150 1961-1980 13 1.3 52.3
Canyoniauds. _ _ -

The Neck 8 “1,098 5,900 0 1966-1980 . W 1.0 82.9
Blandirg g 1 ,868 6 130 1961-1980 20 9.8 4g.6
Natural Bridgeé |

Nat'l Monument 10 21,881 6,500 1957—1980 9 10.5 50.9
Mouticel To S 2,079 6,820 196141980 20 7.6 .7
La Sal "BY 13 2,126 6,975 1969-1980 10 B2 46,8

......... T s e
" ey S S o U S A S

‘Note: Stations Opeﬁated hy 0., Departmént o Commerce, Data are published .
in annual summariey of climatological data for Utah (U.S. Dept. Commerce,
1960-1961) . o . . _



2:2 PACK Rﬂ HIDDENS

n the laqt ?0 years, fossilized pack rat middens ha&a been used as a

T piime wnformatlon sourcs foa pa]eoenv1ronmcncalumonstLons -dn-the. Amerlcan

“ Soubhwest (Spauldlng et-at;=1983; -Van: ‘Devender and”Spaulding, 19795 Wells. and B

Jorgénsen, 1964), Middens are the remains of dek rat shelters and refuse
piles, and consist of plant material and pack rat fecal pellets cemented with
crystallized and rehydrated urine, Plant debris incorporated in the midden
can usually be identified to the species level, and organic debris is usually
sufficient to obtain a reliable radiocarbon date, IU iz therefore possible to
reconstruct, in considerable detail, the vegetabion growing within approxi-
pataly 100 m (300 ft) of the tossil midden {the POIIECELHb radlug OF a paok
srat) at.a .specific time in-the past {Betarcourt; SLEUDI

In order to determine whelher middens of late Fleistocene age are pre-
served in the area, and whether useful palecclimatic data could be interprefed
frowm those middens, a preliminary study was conducted by WCC during late 1982
and 1983 The results ol the study were reporied by Betancourt and Biggar
(1985) and are summarized here.

Two caves that contained middens spanning the last 13,000 years were
found in cliff euposures of the Navajo Sandstone on the south flank of the
fbajo Mountains, west of Blanding, Utah (Flgure 2-2}. Using modern vegetation
zoines in the Abajo Mountains as an analog, the wmidden data indicate that a
100 to 850-m {2,300 to 2,800-ft) depresszion of the current elevational range
of spruce-fir and limber pineg-Douglas fir plant communities had occurred by
latest Pieistocens time (13,000 to 11,000 years BP), suggesting that the local
climate was cooler and wetter than at present, Using weather data colleoted
during the last 20 years In Lhe Four Corners atea, the plant communities
represented in the latest Pleistocene middens are today growing in locabions
having mean annual’ temperatures 3 to 4°C (5.5 to T°F) cooler than current
temperatures at Bhe collsotion sites, and a mean annual precipltation 3% to
115 perecnt greater thah the current estimated precipitation at the ecollection
sites {Table 2-3}, The occurrence of yucea and prickly pear lo the latest
Pleistocene Fishmouth Cave middens indicates that. temperatures abt that -time
“and location could not have been more than 5°C {9°F) cooler than they are
today, Morcover, plants that grow in response to summer preglpxtatlon are
ahsent at bolh cave sites, suggesting Lhdb rainfall waa noncentratod in th
winter months, L :

Similar- lowering ol vegetation zones during the late Pleistocens has
been documented elsewhere on bhe Colorado Plateau and in the Great Basin,
fpruce macrofossils have been found in sediments dated between 13,000 and
11,000 years BP at Cowboy Cave, 56 km {35 mi) northwest of Davis Canyon
(Spanlding and Pectersan, 1980). bHuripng the full glasial period (21,000 Lo
14,000 years BP) in bhe castern Grand Canyon, several conifers grew ab
clevations 600 to 1,000 m (1,970 to 3,250 ft) lower Chan they do today ..
(Cole, 1982). At Canyon de Chelly (1,770 m [5,800 ft]) in northeastern
Arizona, a pack rat midden gated at 11,900 years BP records blue spruoce,
limber pine, dwarf juniper, and Douglas [ir (Betancourt and Davis, 198i).
Limber pine no longer-occours in the nearby Chuska Mountdln,, Which reach an
-relevat‘on of aDPtOK]Wd hlw 2 ?Lu m (0 000 *t)

)
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SRR, Gambel eald,” panderosi

‘Table 2-3. Predicted Present and Latost Pleistooenc Lllmates at :'
' blshmouth and Allsn’ Ldnyon Caves, Ulah .

Mean Annual Mean Annual

_ Elevation . . Precipitation - Tempergture.
Location n ft : am in ] °C B
FISHMOUTH CAavE .
“Present 1685 8,200 U208-232 0 8.2-9.1 11,1 '521
Latest Pleistocene 2,040  §,000  377-096  14.8-19.5 7.2 U5
Analog ' : '
lmplied Change - ' o £169~26H. +6¥7~1§.” ”mgig _;j
Percent Change : w21l
ALLEN CANYON CAVE | |
Present 2195 7,200 335379 | 1.32-14.9 8.3 I6.G
Latost Pleistocene 2,895 9,500 NES-787  17.9-31.0 5.1 1.2
Analog i
teplied Change +119-1408 w 7-10,1 ~3.¢ -5.7
Pereent Changs | : +36-100

Source: Betancourt and Higpar (1985},

_ The carly Holoeans (91,000 to 8,000 years BP) on the Colorado Plateau

apoeirs to have been a-bime of rapid ehabge in vegetation,  Middong at both
cave sites record the btransiiion from a late Pleisbodene wepetation agsew-
hiage  dominated by alping species, bto the modern-day Plora. 4t Flshmouth
Cave (elevation 1,585 m (5,200 £t1), which is located in a desert scrub zone,
the major changs had ocourred by aporogimabely 10,000 years BP (Figure 2-3).
Mew wrrivaly Lo the early flolocene at Fistmoubin Cave includéd Gambel oak and
Utak Iuniper,

ak Allen Car nvon Cave (“1?delﬂh 2,195 m |7,200 rtl), where the age
control g less precise, the change OCLUPPPd between 10,030 and 7,200 years 3P
{Figure 2-H}, A similal chamge ccourred bebween 9,500 and 8,300 years BP at
Chaco Canyon (Hétancourt et al,, 1983), which lg intepmeﬂiﬂbc in eléevation
(1,920 w {6,300 £u]) wetween Fishmouth Cave and Allen Canyon Cave. . - Planto..
Caszoeiated with summer preeiaitublon ar relat1Vriy high annual temperatures,
ya, (Ololddu pxnyun, onemgned Junipen, Utah
jUnwphr) btﬂ&n dP’iUf g at-the thce Hites a dpp oaimah Iy TH DOO yﬁdtﬁ BP
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Pinyon-juniper woodland and sayebzubh parkland chaaaetexlze the prnsent day
vegetation at this zite )

: The coolev, wet*en“iatebt Ple1srocene Lllmate -gan- be attrlbuted to-a
”southward shift of the. polar jet stream and Hmiddle Tatitude storm track during -
the time of global ccoling {Barry, 1983: Spaulding et al. 1983).  The sub~
sequent widespread shift of veguetation gones bo higher eievations at the
beginning of Holocene time may be related Lo the return of the jet stream to
its present position by 3,000 years BP, resulting in an increase in mean

summer and annual temperatures, o shift from winter-dominated to summer-
dominated rainfall, and z dezoreasing freguency of spring freezes.

T 'Global climate fluckifaticns have continued through the Holocene, but Lhey
have been more subtle than the change that marked the end of the FPleistocene.
In the American Bouthwesbt. temperatuses were generally warmer during the
middle lolocene (8,000 to 4,000 years BP) than today {(Antevs, 1955; Baker,

1983). Antevs' (1955) concept of a hotedry "Albithermal' during this time may
be true for the northern Great Basin, where the btheory was formulated. How-
ever, as Martin (1963) spsculated, warmer conditions may have enharced the
effectiveness of summer monscons south and east of the Great Basin, which
would include southeasterr Utah., Therefore, this inersase in bemperature may
have been accompanied by an increase in precipitation, which would encourage
the observed northward mlgratlon of Gambel oak.

The distribution of Gambel oak during late Holocene time {4,000 years BP
to present) suggests a cooling trend, which way te attributed to greater
ef fective moisture. However, this trend may also have been accompanied by a
decrease in summer rainfall. The arrival of prickly pear and yucca at Allen
Canyon Cave by 3,U00 years BP indicates greater aridity at that asite after the
middle Holocenea.

. This preliminary study of pack .rat middens proved the presence of latest
Pleistocene middens In the area, and indleated that useful information on the
magnitude and timing of paleoelimatic changes can be acquired from the mid-

- .deng.. Both sites provided a detailed biochronclogy covering approximately the
last 13,000 years, and the data indicabte synchronous vegetational changes
(with the elevational differances taken into consideration) at both sites.

The overall pattern of paleoclimatic change, as interpreted from the fossil
plant debris, iz also similar to that observed elsewhere in the Southwest.

Although this pilot study was successful in collecting useful data, it
does not draw upon a large data base, particularly for making regional inter-
pretations of paleotempetratures and precipitation. Collection of middens from . -
additional sites is recommended to (1) lessen the effect of any microclimatic
control of the midden record from cne site; and {2) verify that the large-
gcale paleoclimatic changes that ocecurred on the north side of the fibajo
Mountains, where the Davis and Lavender Cahyons potehtlally acceptable reposi--
tory bites are located, are comparable to the climatic pabamettru defined to
the south during this preliminary study,
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2. 3 POLLEN STUD[E"'

Pollen. separdted from a sealmentary 5equence, partioular]y From d€p0¢1ts
. -BEhat have_accumulated in a- bog or 1ak9, hag-heen-used- ﬂxtenslvely throughout

“;ﬁche world to Peconstruut past piant assemblagoa and therphy interpret ol1matlc'” "

conditions or cultural changes., In the arid setting of the Paradex Hasin,
natural lakes or bogs are commonly cont'ined to the glaciated arcas of the La
3al and San Juan Mountains. No evidence ¢f glaciation in the Abajo Mountains,
which are closest to the Gibson Dome study area, has been previously doou-
mented {Witkind, 1964}, and none was observed during the cuprent Paradox Basin
studies. '

~Although glaciatioh has-not beeb documented in the Abajo Mountains, one
small lake was observéd in the area. Duck Lake (Figure 2-2) lies at an eleyg~
tion of 2,650 m (8,700 f't) and has a mawimum water depth of approximabely 1 m
(3 ft). Cxamination of aerial photographs revealed small circular grassy
aregas nearpy that may alse have heen ponds at ong time, The lake probably-
represents a dissolution feature. in the sandstone bedrock surface, This is
the origin ascribed by Wright (1964} to similar feabures observed in the
Chuska Mountaing in northwestern New Mexico.

2.3.1 Preﬁious Studies

Only limited pollen data have been collected in the Four Corners arsa of
. the Colorado Plateau. West (1978) sampled a 5.4-m (17.7-ft)-thick alluvial
- sequence exposed in Kane Gulch in the western part of the Elk Ridge study area
{Figure 2-2). Only one radiocarhan date, 7,385+480 vears BP (Salkin, 1975,
WIS-742; West, 1978), derived from a sample coilected approximately 1 m (3 £t)
ahove the bazse of the deposits, was available for estimating the age of the
deposits. A comparable date of 8,100+345 years BP (DIC-2064 [see
Section Y.1.2]; Locality 5€, Table 1- 1) was obtalned when the depusits were
redated during the present btudles

..'The polien collected by West (1978} from Kane Gulch was poorly pressrved,
and Lt proved difficult to ohtain a minimum count of 200 grains, particularly
helow an erosional unccnformity at a depth of 1.3 m (4.3 ft). The upper zone
of the sequence contained pollen resembling the present vegetation cover in
the area, whereas the pollen profile below the unconformity was significantly
different, and was dominated by a relatively high Pinus (pine) value, suggest-
ing that more effective moisture characterized that dep depositional period (West,
1978). However, because pine pollen is preferentially preserved in an oxidiz-
ing environment, such &s an ephemeral stream bed prlor to subsequent burial
(Hall, 1977), the predominance of Pinus pollen in the lower part of the Kane
Gulch section may be a result of Lts PeSlsbant character rather than paleD—
elimatic cnnditions, :

. In another .study, Lindsay (1976) described pellen retrieved from the
Pint-Size Shelter archaeological site In Castle Valley, Utah, west of the San
Rafael Swell, and 130 ¥m (82 mi)} west of Moab, Although it was eroded and
- poorly preserved, the pollen assoclated with the Archale oceupation. (between.

Sfent it ing T the” iater_Fremont ocnupablon (ca 1,800 years: “BRY,. ‘vegebabion was
“‘not signifdicantly differeént from today's at thdt 1ocatzon Cirrey (1976) '”
- 1nLPtprcLb the: periods ol gol tan dnpothion as belnp ‘caused by a réduction in
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Cwinter previpitatioh; intensified summer convective precipitation events, and
~relatively low avallable seil mol ture, - This would result in high:sediment
 yields in streams, and would alSo-provide 2 source. for windblown material.

Paleoclimatic condltlons Were lnterprefed from fhe pollen record in". T

—oalluvial deposits: at Chaco Canyon, Tiorthuiestern New Méxics, by Hall (1977). . T
~dall -inferred that the full glauLaL vegeration present at 10,000 years BP ©
altered to a pinyon woodland 7,000 years BP during a warm aﬂd moderately dry
puostglacial period; the greatest time of aridity oceurred between 5,600 and

2,400 years BP. He interpretaed the vegetation at Chaco Canyon between

7,000 and 5,000 years BP to be simiiar to that of the present landscape.

The abundance of pohderosa ping ircreased signilicanily between 2,200 and

1,000 years BP, indicating an increase in effective molsture at the higher
- elevations during that time. -However, the amount of precipitation ineraased

only slightly at Chaco Canyén untii 850 to 60D yeary apgsd, when it incrédsed

almost to present-day amounts., This increased precipitation resulted in 3

spread of pinyon woodland and the abandonment of the 4dnasazi pueblo after

tocal streams becawe sutrenched below the distribubtion canals of the Anasazi
-irrigation -system. - Pondercsa and pinyon pine-pollien hag continued to increase

during the last 100 years, suggesting increased precipitation af both high and

low eievations. : S

2.3.2 Current Studies

The apparent lack of traditional pollen traps in the form of lakes or
hogs clase to the Gihson Dome area required the consideration of other poten-
tial traps that might preserve pollen, Eolian deposits, which are abundant .
throughout the Paradox Basin and may be pre-Holocens in age, were therefore
considered. Researchers have generally agreed thabt pollen could not he

‘preserved in such oxidizing conditions, and that anly a few resistant species
could withstand the high pH {8.5) of Southwest environments (West, 1978; Hall,
1977}. Nonetheless, two samples of eolian deposits previously collected in
the Elk Ridge area were sent to the University of Kansas in early 1982 for
analysis. The samples were found Lo contain moderate amounts of rather wall
preserved pollen; however, becauze the samplés had originally been colleckted

" for soil analyszes, thHe observed pollen probably consisted ¢f fossil pollen
contaminatéd with modern pollen from the surface of the exposure, With bebter
sampling methods, uncontaminated samples that provide data on paleovegetation
and its temporal varlations could probably be derived from th@ =011an depoaits
{Johnson, 1982},

Pollen assessment acbivities were also conducted at Duck Lake, a small
lake that oocupies a sandstone dissolubion feature at 2,650 m (8,700 £t} in
the Abajo Mountains., Samples were collected on the edge of the lake using a
301l probe mounted on a hand auger. - These were sent to-the University of
frizopa in Tucson to determine wnebther pollen is present in the lake sedi-
ments, and whether any signifiecant changes can be seen in the pollen assem-
hlage wifh depth. Three subsamples were examined from (1} near the ground
surface (SURF), (2) a depth of dpprox1matoly 35 am (W4 in} (B MID), and
(3) the bottom of the drive core (approximately 1 m [3 ft]) (D BOF). 'The
pollen data are presented as pollen crounts {Table 2- N), pollen oorcenLag@b

"(Tdb]e ) 5), -and-pollen LOHLeuLJdblulb ATable-2mb)5 - - R R

o3y



Table 2-U, Pollen Counts From Duck lake Core

SUNL S BMIBD
Deteriorated . 35 g 26
Unknown _ : o 2 o 0
Ablieg 1 G G
Juniperus _ . - iz Q 2
Pinus : 273 0 5
Dicea _ S : 1 1 ok
Eseudotsupga - - : o o - 0 G
Quercus - 13 0 G
gphedra pevad. 4 0 0
Chenepodiaceae-Amar . 4 ) ¢
Sarcobatus : H G 0
Artemisia : S - 13 0 25
¥Liguliflorae ' ' 52 0 0
Ambrosia 15 ¥ 3
Cirsium _ 2 0 -0
Other Compositae 9 G 2
Gramineaeg 43 2 . 1
Cruciferae ’ 1 0 ¢
Polygonum of. P. calif, 2 0 Q
*Popuius i G 0
¥55]ix . : 7 0 i
¥ yperaceae : 181 G i
*Polygonum cf. P. amphib. : i 0 0
¥Potamogeton : 5 4] o
®Botryococeus 1" 0 355
®Fungal spores
{(undifferentiated) 3 0 0
Tracers added (% 1,000) _ 30.6 80.6 90,6
Tracers rocovered. o 240 212 ' 284
Volume of sediment used (cm3) . 1 [ 1

Note: Samples were analyzed by Owen K. David, University of Arizona at
Tueson.

(a) Pollen types denoted with "#% ars aguatie pollen; the remainder are
upland species that are typical for the western United States.



Taple ."5'

Polleh-Fe%oénEageé ﬁrém Duck Lake Core

~“Pollen Typela)

- SURE.

o BMID

CDLBOT

Beteriorated
Unknown
dbies
Juniperus
" Pinus

Picea

. Psoudotaug
Quercus

thedr nevad .,
Chenopodiaceae-fnar,
Sarcobatus

- Artemisia -
*igulifloras
fmbrosia
Cirsium _
Other Compositae
Gramineae
Crueliferac
Polygonum cf. 2. palif,
Aopulus

#8alix

*Cyperaceae

*Polygonum cof. B, g_phlb,

*Potamogeton
*Botryococeus
*Fungal spores

-fundifferentiatmd)

Trdcers added {x 1 OOD)
Tracers recovered )

Volume of sediment used (cm3)

Congentrationt
Polien sum(Q
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90.6
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21.7

Note: Samples were analyzed by Owen K. Daviz, University of Arlzena at

Tueyon,

(a) Pollen types denoted with "#' ape aquatic pollen; the remainder are

upland species that are typical for the western United Stabes.

(4) " Conesntrabion expressed in graing per cubie centimeier, x 1,000

(c) The pollen sum (diviscr for percentages) includes onlty upland species,
Pollen percentages derived for aquatie pu]lgn typcs ropro enL pol]pn
pounts. divided by the sum of upland: typess

Loagaatie. pellen. types. Crom. aFfeotlng-pcacenLd&na of upland typv\

- bLLLLutlca] Lonstrdlnb
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‘.Table 2.6. -Pollen Concentrations From Duck Lake Core

oo (P pygr() e

Neberiorated

Unknown

Abies

Junipsrus

Pinus

Ficeg

Pseudotsuga -
Quercus

ELphedra nevad.
Chenopediaceae-fmar.
Sarccbatus

¥ jgullflorae
Ambrosig

Cirsium _

Other Compositae
Gramineae
Cruciferas
golygonun of , P
¥Populug

*Salix _
#Cyperaceae
*polygonum cf. P.
*PoLamogeton
*Botryococcus
*Fungal spores

(undifferentiated)

=
fed
M
—
e
-2

Tracers added (x 1,000)
C Tracers reécoverad

amphib.

Volume of sediment used (cm3)
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1

Note: Samples were analyzed by Owen K.

Tueson.

Davis,

University of Arlzona at

(a) Pollen types denobed with "*" ape aguatic pollen; the remainder are
upland species that are typical for the western United States,

(b} Concentrations expressed in grains per cuble centimeter, g 1,000.
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The pollen percentages in the surface sample are typieal for samples
taken from vodern pine forest in the western United States. "Nearly 60 percent
of "the pollen is pihe {Pinus); most of the'pine grains arc of the ponderosa
_pine type. Grass (Graminae), juniper (JuﬁlEQPUb), and detericrated pollen are

'ﬂ,the only-other-upland. pollgn Lypes-having- Qver-o- percent cono@ntratlons - Tho -

~importance of the aquatio’vepgetation in the- pollen rain ‘can be -seen in “the
high sedge (Cyperaceae) percentages (38,3 perceént), reflecting the presence of
sedges growlng around the lake today. The concentration ol pollen in thig
sample (172,600 grains/em3) is also typical for this type of lake and vege-
taticn type (Davis, 1983).

In contrast tc the upper sample, the tuwo lower samples have poor Dreser-
vation and low pollen concentrabtion.. Qver. 70 percent of the pollen.in the
migdle sample was deteriorated-and could not be identified; furthermore, the
coneentration was only 4,700 grajns/cm3. This poor preservatlion probably
indicates desliccation of the lake scdiments in the past (Davis, 1983).

The preservation of the bottom sample was bebler Lhan that of the middle
sample, but the percentages necessitated that interpretations be made with
caution. WNearly 40 percent of the graing were too poorly preserved to be
identified, and the low eoncentration of upland species (22,300 grains/cm3)
may indicate that many of the pollen grains have been destroyed. However, the
velative pergentages of the pollen types Ln this sample are similar to those
found in sediments of late glacial age elsewhere in the Southwest. In partic-
ular, the sagebrush (Artemisia) and spruee (Picea) percentages are higher than
those in the surface sample., Thesze percentages are bypical of spruce parkland
found today at higher elevation in the Abajo Mountains (Davis, 1983).

The pocr preservation in the lower two samples precludes further exami-
nation of this core. However, longer cores from the center of the lake may
yield pollen that is bebter preserved, lthough the inteprpretaticn of the
pokLtom sample is uncertain, the pollen percentages suggest that sediments of
- late glaeial age are presont In Duck bLake. A more complete coce from Lhe lake
could provide a high-elevatlon record for comparizon with the pallen and
macrofossil data derived [rom pack rat middens at the topographJCdlly 10w9r
Fishnoutk Cave and Allen.Canyon Cave sites to the -south.

2.0 MALACOLOGY (SNAIL hTUDJB&)

FDHbll oHH]l§ are nobt oommon in Qud*ernarv depo its in the Paradox Bagmin,
but their oecurrence has been noted at - few locations, particularly in the
Eik Ridge aibea. Snails, lLike other orginlams, favor gpacifle environmental
niches; therefore, the study of fossil me)lusks preserved in Quabternary
materials might provide Indications of the climate, nearby vepetation, and
depnaitjonal processes that characterized the area a% that time., Addition-

ally, age asgezsments can ke made oh snail shells by both amino acld and
..carbun 1“ (M) analyses, or by radiccarbon analysis of organic or carbon-
aceous weaberial found in depositz io conjunction wish the shells.




2.4.1 Previous Studies

falkin (1975) reported a- stﬁdy of mollusks found in an‘alluvial sequénce

exposed in Kane Gulch in the western Elk Ridge area (Figure 2-2),  This is. the. - oo

- gaue-location where-pollen was” studied” By WESE(1978) (Seetion 2.3+ 1}

. Sulkin's climatie interpretation,; based on the shail assemblages present in

different stratigraphic units, agreed with his environmental Interpretation of
the sedimentology of the f1UV1al deposits. The lower 4 m (13 ft) of the
exposure consist of red laminated silt, eclay, and fine sand. ' They contain
mollusk assemblages thaf suggest conditions oscillating between warmer driler
intervals, and wetter cooler periods during which some ponding oeourred,

Above an uncon;ormity marked by a gravel conglomerate at a depth of 1.3 m

(4.3 ft), increasingly drier condifions with an associated depletion-of- vege- -
‘tative cover were interpretéd by Salkin on the basiy of the molluscan launa,
and the sand and gravel deposibts. Age control was vrovided by one e date of
7,385+80 years BP (Salkin, 1975, WIS-742) on charcoal collected approximately
1 m (3 f't) above the hase of the deposits, Subseqguently, Woodward-Clyde
Consultants {(WCC) also collected -charecoal -from the lowermost units of Salkin's
exposure; a e date of 8,100+315 years BP (DIC-2004) (Section N, 1,2)
substantiated Salkin's initial date. Therefore, the climatic change to
inereasingly drier conditions, as inferred by Salkin, occurred after
approximately 7,400 years BP,

In an associabed study, West (1978} analyzed the pollen in Salkin's
aliuvial sequence (Seetion 2.3.1) and interpreled the same long-term climatic
trends.  However, West's detailed esamination of the pollen collected from
Sulkin's elimatic zones generally yielded opposite interpretations, Thisg
unresolved discrepancy may be the result of poor preservaticn of pollen in the
deposits, or incorrect interpretation of the snail or pollen data.

2.4.2 Current Studies

Snails were collected at saven sites during WCC soil studies in 1981,
The snails were not abundant and were generally restricted to specific strata
. Within a depositional sequence of fine-grained deposits. Somé of these strata
are probably fluvially reworked eolian depocsits. Samples were collected from
~six locations in the Elk Ridge area (Figure 2-2) and from fine-grained
deposits in an abandoned meander of the Colurado River near Hite (Figure t-1;
Locality 51) to assess whelher paleoclimatic interpretatlons eould be derlved
from the assemblages. Age control was provided by amino acid analysis of the
shells, and by radlocarbon dates derived from charcoal in associated deposits
The samples were sent to the Laboratory of Palecenvironméntal Research,
Unilversity of Arizona, Tucson, for species identification and interpretation.
& total of 6,352 gastropods and pelecypods were -identified Crom the geven
sites. The snails were subseguently sent to William Pratt at the Museum of
Natural History, University of Nevada at Las Vegas, for hls assessment
(Prathb, 1985) of the.palececological significance of the collected assem-
“blages. All of tho species can be found in sputhern Utah or northern Arizona
at the present time, and therefors do not represent extinet Tauna.

o "he following ecological assessments.made by -Pratt are-based-on-the-snafl— > =
“assemblages found at individual sites (TAblon 2-7.and: 2:-8), and.the. envxron-;~‘~ =

*mental Poﬂd%%ionq deuﬁni by cont emﬁorary ougurrenoes of 1nd1v1dua3 SpOOLEb.
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Table 2-7.  List of Identified Mollusks From Seven
Sites -in Southeastern Utah

(Page 1 of 2) '

Identified Mollusks
(Family

Genus  species)

LOCALITY AND AGR

=200, 000
&0 yT B

1
-~

2,000 yr 8P

a0t
5,000

&3
54

&5

24,00087,000 yr 5P

66 __
1$,006%6,000 yr 8P

&7

9._4931'9{_}.‘311- =124

3

7y

700 yr BP

72

»9,000, ¢30,000 yr 8P

1. CLASS GASTROPOUA

Terrestrial Suails

Halicarionidas

Fuconulys fulyus

Zonitidae

Zonitoldes arborgus

Limacidae

‘Deroceras genigma

Discldae

Biscus sronkhited

raticbuui A el bt

_ Succinelidae

Catinella sp. and/or Sucelnea sp. s 31
puplitidae ' '

Pupllia muscorum
Pupllta cf. p. hebeg
Pupiila sp,

Yertigo ovata

Yertigo cf. Y. himneyana
Vertige modesta ingersolli
Yallondidae o
Vallonda syolophorelle
vallonia gracllicosta |

10

%

306

(&)

16

505

118

474

532

23

13

A54

Lot

48

4

A5G

17,

351

10w

L I




Table 2~7. .List of Ydentified Mollusks From Seven . .
Sites in Southeastern:Utah '
o “(page 27af 2) - )

LOCALITY AND AGE

8P

-~

€,000 vr BF

" Identified Mollusks _ E
(Family 1
Genus  speedes) CORB w

+
+

1682 v
s, 000%2,000 yr 2P
i '
24, 302-T7.000 v BP

12,500

5

2

&6

&

18,60

%90 yr g

7,8405700 yr BP

&7
2,4

9,000, <30,000 yr BP

7S

Frestwater Snails

Lymnasidae
Stagnicola plishryl

Fossaria parva 2? 23 .18 . 65

T e i

Physldae

- Physeila virgata a3
2, CLASY BIVALVIA

Sphaeriidae

Plsidium casertanum ’ . 3

“Pisidlum compressun AR

S

Pisidiun ventricosun

foral saeits 279 et L8615
Total taxg S 5 o w wE g oy

103

1,318

o

Moted Ses Flgures 1L and 2.2 for Jocations of sanpling sibes,

38
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 Table 2-8. ._Perc'entauje Represéntatior_; of, Mj_llusk:&pecies
S From-Sites. in -Southsastern Utah

" (Pags L of-2) - .

LOGALITY AND AGE

s B
1 S -
;_8 B i i ?;; & § |
as 5 e e " & 4 .
D ‘88 g B 5= & sX g
Identified Mollusks T o o o 9 G -
(ranly i % 4 8 % 4% g
Gerus gpecles) AR Bd 28 8E 8% Gaoe BR
1. CLNSS GASTROPODA
Terrestrial Snalls
Hzllcarionidae _
FEuconulus fulvyg, < d
- Zoritidae
Zunitoides arboroys - <1
Limacidae |
Dergcergs senign < 1
tMscldae .
Discus cronkhitel G ll.
Suceineldan
Catirella sp, wnd/or Succliea sp. 5% 36 4 / 33 4
Pups 11 das .
- Pupttla moscorun 5 EY 4 X 2 &
Apilia of, 2. hebes | 4
Pupiltla sp. 20,
yertige ovata 10 ) aq
Yertigo of. ¥, gouddi) <4
Yertigo ef. ¥V, bipneyaos 4
Yerbloo modesta Ingersolll <1
Yallonlidae
Yalloola cyclaphorel La 38 34 54 L s
o Yallyola graodilpogts oo S . 1




- Table 2-8, Percentage Hepresentation of -Mollusk Species
. -From Sites in Southeastewn Utah ) )
Apage 2of 2. v

o LOCALLTY fND_NGE
& &
o % ‘5 2 ® -
2 S - -
kB g g 8. B LS g
Identified Mollusks - ! i o I 9 =R A
antly = 8 ¢ & & gy 4
fenus. specles) AR ed g0 58 8% Geo B
Freshwater Snails
Lymiacidae
Stagnicola pLishryi ' ' o«
Fossaria parva R 3 a & 8
Fossat ia obrussa | <
Phys! dac | o
Plysella virgata 83
2. CLASS BIVALVIA
Sphagrlidas
Pisidlun casertanm N < S
Piaidium comprassun | 6
Plstdlun ventricosim : e
Total shells o ' 257 95 854 1,846 1,503 138
Total taxs: ' 3 S S S 2N T S T

Noter  See Figures 1-1 aid 2-2 for locations of sampling sltes.
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At all localities, with the exception of [ ocality 51, the snails were col-
lected from arroyo exposures along ephemeral streams having water flow durlng
‘the sprlng and Fall monthu, or atter Lntenbe summer ralnral

P

jiLocallpj 517 The. paleoenv1ronment at: Locallty 51 on" the Colorado

the gnail shell material suggest -that the ‘older
aceurate, This #nail assemblage also-suggests the piresence. of”

River was different from that at the other sites, as indicated by
both the geologlie setting and the Fauna, The quiet-water deposits
at the site may have accumulated behind a landslide that dammed an
abandoned meander of the Colorado River. Aminc-acid data (Sec-

-~ tion H,1.4) and the topographie position of the meander above

nresent stream level indicate that mollusl nd in this leocality
-are significantly older than those found . - other sites
_{Tables 2-T and £-8)...The -thres species ¢ wobed From this:

locallty are all characteristic of lakes or permanent streams. The
absence of any land snails suggests that the fauna is in situ rather
than of drift origin. The faunal analysis therefore substantiates
Lhe sedimenbology

Locallty £3: The snail samples were collected from a clay-rich unik
within sand and gravel deposits that are overlain by eolian
deposits, This iz an in situ assemblage that is indieative of
marshy areas. A radliocarbon date derived from shell material is
12,500+2,000 years BP.

Locality 64: The sample site is a bank exzposure in Comb Wash, 4n
amino acid date derivea f{rom analyasis of the snall shells provided a
date of 5,000+2,000 years BP. The snail assemblage collected ak
Locality bl is probably a drift assemblage that has not been trans-
ported a great distancs., A wet or marshy area was present not far
upstream; hoWever, the marshes were not extensive, Species charac-
teristic of permanent water are lacking, which suggests that the
stream was nel perennial at this location., Species characteristic
of mesiec montane conifer forest atre also nobt found,

Locality 65: These snail samples were also ¢ollected from an arroyo - .
bank exposed in Dry Wash.  Apn amino aclid date derived for the snall

shells is 24,000+7,000 years BP,. The asssmblage represents a drift
deposit from marshy areas upstream,

Locality 661 This assemblage was also collected from Pey Wash, and
was found in fine-grained alluvium overlain by eolian deposits., An
amino agid gate of 1%,00046,000 years BP may be tao young, bscause
the snails were collected from beneath a well-devcloped caleic soil
that may represent more than 100,000 years of soll development, The
sinalls are indieative of an intermittent stream, with nearby marshy
areas of limited exbtent or at some distance upstream,

Locallty 67: The snails were collected In a carbon-rich horizon
expased In a cut bank of Dry Wash, adjacent to a perenially marshy
area, Duplicate radiocarbon dates obtained frow the carbon-rich
goil are 7,B840+700 and 9,%90490 years BE, Amino ﬁcid analyses of

']?“maPSHQ,areas at no great distance from:-the site. ~These are -

T

C dabte may be morn 'f ‘1’



 attrlbut9d to thé reduction of an intermittent stredm to a series . of
marshy arcéas Without flow during the dry season,

j_‘dI;WmLocailtz ?9 _The. “snail. assembldge WAs colleoted from flnely B
T laminated to massive sandy Al uvidm, which is interpreted as repre-"”

senting occasionally ponded dPDOglto An amino acid date of between
9,000 and 14,000 years BP derived for these deposits is thought to
ba too young; they are more likely on the order of 50,000 to
100,000 years old {Section 4.2,3.1.6). 'The faunal assemblage is a
drift deposit, and does not contain environmentally :informative
species,

Although the conbination of species in the snail dAdsemblages that were =
sampled varied, the paleocecological interpretations for the Elk Rldge area are
indicative of relatively dry conditions in which streams were intermittent and
reduced to marshy areas without connecting Flow during the dry season. The
limited lahd snall data suggest a rather xeric conifeér forést with a sparse |
ground layer such as that presently Pound in ranges of the Great Basin, rather
than the lusher foreat of Utah and frizona ranges. These interpretations did
not vary mich between sites, despite the chronologic differences, suggesting
that climatic variations during lale Pleistocene time were not of a magnitude
that could be readily discernible abt this level of study. The age control
provided For many of the sites has veen assessed as not accurately indicative
of the age of the depcsit, With better age control, it may be possible to
make some significant interpretations of paleoclimatic change from fossil
mollusk assemblages.

2.5 HOLOCENE CHRONUSTRATIGRRPHY, SALT CREEK

. Examination of Holocene alluvial fill deposits in the vicinity of Gibson
Pome was initiated in 1982 to assess whether distinet Holocene stratigraphic
Units can be identified and used to define the timing of climatice changes that
have ocecurraed in the lask 10,000 years, and to predict the return intarvals of
major. infrequoent floods. . 1 recognizable lithosteatigraphic- units are pre-
sent, the nature of the deposits can indicabe [luvial responses to past clima-
tic changes. Thése data can be used to predict the maghitude and charscter of
simliar geomorphic responses to cemparable futurs climatic changes thiab may
ogeur during bhe. Llfetime of a high-level nuclear -waste repogitory,

Secause of land access restrictions imposed on Paradox Basin studies. in
1982 regarding other paris of the Paradox Basin, 5alt Creek, a northward flow-
ivg epheneral stream alonp the eastern border of Canyonlands Natlonal Park,
was chosen foer the initial Holocene stratigraphy studies., Four exposurss over

“a 6.5-km (4-mi) stretceh of Salt Creek between Peekaboo Sprangq and the Lower

Jump (Figure 2-5) .ere examined, During this preliminary study, the cmphasis
was on identification of unlts that might be correlative, or indicative of

_ollm tic changes,

Several charaoal samples were collected from morphelogloally similar

geologic units mapped in the [leld to dysess whether they are time equivalent,

A hokal of 19 W dases was obtained From these ngosurﬂs (Flgurp 2-6 and

FrTable -9, chau&e the damples were’ of “giall” ‘size, most were sent to’ thp'""”“‘*“***f**
¢ Radioearbon’ Laboratory at Washington State University, Pubiman, Waghington,
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“LOCALITY 26

- -LEGEND:

EOLIAN SAND -
RHYTHMICALLY BEDDED
SAND AND CLAYEY-SILT

CROSS-BEDDED SAND

MUDFLOW DEPOSIT

S 'modern
1735 +200 o i e

s < s

CBEPOSITIONAL UNIT

la)  '4C SAMPLE SITE:
31060 DERIVED BATE (YEARS BP)

LOCALITY 27

(x} 3360 £ 190
C

RN zf/ ‘—_'C‘JL_ (a) 2080 + 200
e S R e T {b) 2920 £ 220

{c) 2530 + 210
{d} 1460 1250
{e} 2500 + 210
(£ 1790+ 70
1710 + 260

B
{a} 580 ¢ 150

. : 1690 1 230
.. } 2385 1. 56

{b) 2430 t 70
SR S {¢} 120% modern

J"—r-- P

C .
(d} 4830 + 540

(e} 1640 + 210

SEE YARLE 2-9FOR ADDITIONAL DATA
REGARDING RADIOCARRIMN DATES

SCHEMATIC DIAGRAMS ARE NOT CRAWN TG STALFE . LOCATIONS OF SAMPLING SiTES ARE
. SHOWN (N FIGIUIRF 2§

T STRATIGRAPHIC SETTING OF
THADIOCARBUN-DATES

C-Ouater ary: Topie
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‘Table 2-3. Radlocarbon Dates From Salt Creek Holoceme Strata

[}lrbon-id.l .s‘eé

.. kabioratoty

~o proposed it tocality!® o 820 sanpie oo ysed () Coment T
&, Enlian Sard no detes obtained.
(Uppermost)
B. Rhiythmicalily 26 (a) 30% & WaU-277¢ '3 Plant matter (fload debris)
bedded unit 27 (x) 2,360 % 190 ¥U-2805 0.47% Charcoal
(Middle) 28 4,510 % 00 w9-2777 0,215 . Charcoal o
il o s {a): s80 150 . TniC-gRAE T T " Charcoal collected from burn
1,690 £ 230 BETA-6220 ‘horlion &t top uf Unit o
2,385 2 55 W-2755 43,7 semple split in triplicate
(v) 2,430 %7 WRU-2801 5.0 Chargoal _
(c) 120% modern W3U-2802 23,457 Charcoal. and sand; included
: ‘ ' : C.741 g of separated
charcoal
C. Cross—Bedded 26 (b) 1,735 % 200 WSU-2798 0.374 Charcosal
Fluvial Send {¢) 102% modern WaJ-2754 3.0 Crarcoal with sand; some
(Lowermost) No carbor DIC charted bone; sample split
No carbon BETA for triplicate dating
27 (a) 2,080 ¢ 200 NIU-2774 1.5 Charcoal with sand; date
' o ' derived Using barium
hydroxide process; sample
(2} was collected from
upttermuzt mudflow that may
represent transition to
- unit B.
by 2,520°% 220 ¥SU-2608 0.909 Charcoal
{e). 2,530 * 210- WSL.2607 1.3 Charcoal
(d) 1,660 T 250 WSU-2804 2.157 Charceal and sand
{2) 2,500 = 210 92808 5.83 Charcoal and sand; included
: R T © 0,782 g of separated
charcoal
(n 1,7%07% 70 © W3U-2810 2.913 Root sample split Par
1,710 ¥ 260 WSU-2809 2,155 duplicate dating
29- (d) 4,830 2 640 WSU-2800 3.787 Charcoal with sand
(s) 1,640 ¥ 210 WH.2799 0.631 Charcoal

(a) See Figures L-1 and 2-5, and Table 1-1.
(b) Stratigraphic settings of samples are show on Flgure 2-6.
BP = Years before L%50 A.D. "Modern" 15 post-1%50.
(c) w3y - wWashington State University, Pullman, Washington
DIt - Dlearb Radloisotope Company, Norman, Oklahoma -
" BETA - Bata Amalytie, Incorporated, Coral Gables, Florlida,
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“*fthe middleunit, ahd proabiy originated as mudflows? “Grain: sizes range’ “Prom

which has faeilities to handlé small samples. Two samples were sulTiciently
large to split; the sample splits were sent to Beta Analytic, Inc., Cural = ..
“Gables, Florida. N third split of one .ol ‘the samples was sent to flicarb :
- - Radioisetope Company: —Norman, - Ok lahoma . : - iy o i

2.5.1 Géomonphic Sebbing

For most of iLs length south of the paved Park Service =xtension of
Highway U-211 (Figure 2~%), Salt Creck flows northwaed through:narrow, well-
developed, incised meanders in the Cedar Mesay Sandstone, 11 the vieinity of
the highway, however, less resistant units crop out and the stream valley is o
proader . Farther downstream, . the stream nas croded throligh A thin resiStant 7
limestone bed ab the Lower Jump'(Figure 2~5), and has carved a narrow bedrock
canyon that sxteonds downstream to the Colorado River. Upstream of the Lower
Jump, fing-grained Holocene scediments that form the floor of a 30- to 300-m
{100- to 1,000-ft) -wide valley are now Being removeod by the gullying of Salt
Creeck.  However, one Eributary, the West Fork of Salt Creek, appears Lo he
aggrading directly upstream of 1ts juncture with Salt Creek.

Eolian processes have also been active in the area during Holocene times,
as cvidenced by the dune Forms observed on the leeward side of bedrock knobs
and in tributary box canyons., Modern northeast-trending dunes oceur east of
Salt Creek, approximately 1 km (0.5 mi) north of the highway.

2.5.2 Salt Creek Deposits

Preliminary observations suggest that at least three unifs, with differ-
ent. depositional characteristics, comprise the exposed Holocene [ill in Salt
Creek, Additional study is needed tO assess whether they are chronologically
separate and of regional extent. .

The lowermost unit rccognized, Unit C, is a cross-bedded, clean, yellow-
bulf sand... Small pebbly layers are locally present, and small gastropods are
relatively abundant. Prominent reddening observed at the upper contact of
this unit may be pedogenic, but probably reflects ground<water alteration when
the unit occeupled the floor of younger channmels cut inte it. At the southern-
most. locality, Locality. 29 (Figure 2-7), the upper half of a T-m- (Ej-tt) -high
exposura of this unit contains layers of mudstone 10 Lo 15 om (¥ to 6 in)
thick, A weakly developed cambic soil is present. This upper portion may
represent a transition zone betweéén the lower and middle .units, A M¢ date
obtained from the upper strata at Locality 29 provided the Oldost date
(4,;830+640 years 8P [WsU-2800]) derived from this unit, The other ning e
dates From Unit C, including a sample stratigraphically lower than the
I,830 yeurs BP date of Locality 29, range between 2,920+820 and
C 14604250 years BP (FLgUPL 2-0; Table 2-9),

The middle Salt Creek un1L {Unit B} consists of rhythmzcally bedded ,
fine~gralned reddish- layers {Figure 2-7)}. The beds :consist of thin, organio-
rich, clayey silt layers, and thlckpr Pine- to medlum pra[n@d crogg-bedded ©
“sand beds.  Massive, poorly sorted heds, up to 2 m (6 re) thick, also comprise

o ‘f“i

It Lol oourse- sand, and':mill pl@uﬂ& OF charcoal and: othfr org dHiP dﬂbFl;

.uﬁf'



- B T e t i k . Eowst R
Holocene fill exposed at Locality 29, Salt Creek, The well sorted, sandy basal unit{C) is
cut by # channel {illed with rhyvthmically beddead sand and clayey silt (B). Eolian sand

{A) caps-the deposit. Sites where three of the samples were collected for 24C dating are
shown in parentheses (see Tahic 2-9),

Quitatrary Topical Report.

.. HOLOCENE DEPOSITS. . ...
LOCALITY 29, SALT CREEK

LoGsEs T proiect No. 17000 | o
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-'commonly acattered thvoughout tne nudf)ow (np031tb A lew other. cnt.and-Cill
-o-struckures Were observed in UHLL B, Thn saven e dates derived for samples .
"j_Lollected in thig® u11t 1ange Trom U,510+6UO to 310+60 yedrs BP (llguxe 2- 6 and-,,_;
' ablo a- 9} : '

EXDOburec*owamined dZO.ﬁdP“HJ_by Un1L N, & -massive, medium- tor
TeoarseSgrained. sandy unit, which is tan-red in color and is Interpreted to be
eclian in origin. No car bonaceous material was found In this unit for radio-

carbon age detevminations.

7.5.3 Geologic Interpretations

The didtinet variations in.the depositional character of the Holocene
deposits exposed in 5alt Creck suggest that environmental conditions have, at
reast leocally, changed over the time period repreasented in the exposures.
However, these changes were not of the samc magnitude of change that oceurred
at the end of the Pleistocene {(approximateiv 10,000 years BP). . The .cross-
bedded sand of Unit C is indicative of a sandbed stream having sufficient
velocity to develop dune Corms on its bed (Leopold et al., 1954). Quantita-
Live measurements that could potentially provide estimates of flow depths and
velonity were not uvbtained from the cross-bedding during this preliminary
gbndy, At Locality 29, the sandy depousits graded upward to mudstone layers,
suggesting a transition to conditions lecading to over-bank, quiet deposition,

The middle unit, UniL B, conpists predominantly of layers thabt suggest a
eyelic depositional environment varying bebween over-bank, quiet-water condi-
tiong (the mudstops layers) to stream channel flow {the sandy horizons}.
However, channel velocities were not suffleient. to produce bed dune forms
comparabile to those developed in the underlying unit (Unit C}. Occasionally,
mudllows moved down the channel, resulting in deposits as much as 2 m {6 ft)
thick, :

The uppermost unlt, Unit A, appears to be eclian in origin. Ftluvial
reworking of these deposits was probably minimal because of the lack of
Fluvial structures in the massive depesits,- At Lecality 27, the streambank
Exposure 1s a4 cross seetion of & northeast-trending dune that is a part of the
dune field north of the stream, '

The sedimentological character. of. the Holocene deposits axposed by
gullying of Salt Creck suggests that there may have becn a sustained Ilow in
Salt Ciegek while the lower part of Unit C was belrg deposited. Either a
slgnificant amount of silbt- and clay-sized particles was not being carried by
the atveam at this time, or the velocity was sufficlently swift to carry these
particle sizes farther downstream,

The trangition to more eplsodie lMow conditions indicated by Unit B may
hoe represented by the upper horizons ¢f Unit €, During thiz time, higher
Flows ent channels in.Unit C.and moved mudflows down the channels.” The mud
and siit horizens may represent the stripping of surface soil horizons from
hillslopes destabilized by a shift to drier clinmte uonditionu punetuated by
wore intense, briel rainfall events, ﬂltPtnaLlVGly, he strlpping could. bhe.
. au<(d by :rrreqUFnt mdjur uLOPmL o

U8




No evidence of channel cutting was observed in the time interval repre-

- sented between the deposition of Units A and B. - The lntérpreted eollan origin

of Unit A suggests that drier cenditions provalled enabling ‘the transport of
tne w1ndbloun Plne gralned materlal Ce

T Ziﬂlthough thP Io]ooene fluv11i dﬂposL s %uvgcab derinlte Chanﬂe 'lﬁ“ffﬁw
“régiimes; significant leaching of pre-Holocene caleie solis by an increase in
rainfall during the Holocene is not apparant. Therelore, climaztic conditions
must have remained arid to semiarid fhroughout this period, an intsrpretation
that is supported by vegetntwnnal analyses of fossil pack rat middens
(Section 2.2).

254 Derived Age Data -~

Sequential environmental changes have been inCerred from the sediment-
ological character of Holocene depesits in Sait Creex. Age dates of the
deposits are essential For dating-these changes, assessing if thesc chargss
- correlate with paleoclimatic interpretations derived by other means, and for
verilying that the depositional units are not time-transgressive facles
variablions, A tectal of 10 radiocarbon dates was derived [rom the lowermost
deposits that herein have been collectively referred to as Unit C. These
dates range from 4,830+640 years BP to 102 percent modera (Figure 2-6;

Table 2-9), and 80 percent of the dates are between 2,920 and 1,460 years BP,
Dates from deposits referenced ag the Middle Unit, Unit B, exhilbit a wide
seatter befween U,5104600 and 310460 years BP (Table 2-9). The daltes do not
provide an evident chronologic separation of Units B and C of the Salt Creek
depcsits.

At Locality 26, only one date each was derived from Units B and C
(Figure 2-€). A date of 310+60 years BP (WSU-2776; Table 2-9) was ohtained
from matted flood debris, donsisting of plant material and pack rat Fecal
pellets from Unit B. 'This should be an accurate reflection of the ape of the
deposit because it .is unlikely that the plant debris would- have heen raworked
from another deposit, Also the sample size was large, thus reducing analyti-
cal crror,  The underlylog unit (Unit. C) yroLded a date of.1,735+200 years BP
(WSU-2798) Trom detrital charcozl {Tahle 2-9). ‘The two dates are strati-
graphically reasonable, although the charcoal may have been reworked from an
older source,

At Locality 27, the date derived Crom detrital charcoal in the middle
strabigraphic unit, Unit B, is older than all the dateg derived from the
underlying-unit, Unit C (Figure 2-6; Table 2-9)., "It is therefore likely. that
the charcsul found in Unit B was reworked fram older deposits, Dates derived
for the siyx sampling sites within Unit C are also stratigraphically lnverted,
with the oldest dates derived [rom the mudflow in the vppor part of the unit.
The stratigraphically lowest sample (£, Figure 2-6; Table 2-9) vas interpreted
to be a roob by the analyzing laboratory; the rcproduolbility ol the derived
dates for the sample indicates they are good. - Therefore, -Lhe sample date
{1,750 years BP [averagel) probably represents the time whon a plant was
growing in the deposit of” interest. The other young date {1,160+250 years BP
[HSU-QSOHI} ab the ba e ol the‘unit may also be the remalns of a root,




Only one date was derived at Locality 28 (Table 2-9), Detrital charcoal .
collected from deposits having sedimentological characteristics of Unit B
provided a date of 4,510+4600 years BP (WSU-2777).. This sample was of very
small size {0.215 g) (Table 2- 9), and the derived date is older than others
Cfrom this unit. - Therefore, it may nobt.accurately: reflect. the age -of--the--

““depositsy-either becauge of “dndlytical orrorintroduced by an inadeguate

amount of the QHMLEP, ‘or because ‘the collected charccal was reworked from an
older deposit,

Dates were recsived for Four sampling sites at Leeality 29 {Figure 2-6;
Table 2-9)}., Triplicate dates were run on samples collected from a burn hori-
zon near the top of Unit B to compare reproducibility ameng three lahora-

tories. Although samples sent to the laboratories were oP small but adequate .

~quantitiss, the resulting dates, 58041507 1,6904230, and 2,385+55 years BP -
{Table 2-9), were nonreproduefhie. Ail are SertlgPdpthally reasconanie for
the unit and postdate the 2,430+70 years BP (W5U-2801) date For an underlying
cmudflow.  The two dates derived from charcoal collected from Unit € are strat-
igraphically inverted. -The older date of 4%,8304640 years BP (WSU-2800) may
represent the age of the unit; or the rol‘ectet gample may have becn raoworked
from an older deposil, or may be the center woad of a recently deceased, old
tree, The younger date of 1,680+210 years BP {WSU-2799) was from 2 small
sample and may have been a charred root of 4 plant that postdabed deposition
of the unit,

2.5.5 Discussion

The sedimerntological character of the Holocene Fill in Salt Creek stream-
bank sxposures suggests thabt three distinet depositional units cccur within
the portion of the channel examined. These consist of a lowermest sandy,
cross-bedded unit {Unit C); a middle unit consisting of rhythmically beddeo
sandy and gsilty-clay layers (Unit B); and an upperm05u eolian deposit
(Unit A).

However, radiocarben dabtes acquired from Units B and C do nol defing two
chronologically distinsk unlts,  Many of the dates appear to -give inacnurate
ages for the depuslts, based on stratigeaphic relationships, One possible
explanation is that Lhe colleebed oharcoal was reworked from older deposita,
and therefore provides a minimuem limit on the age of the unlt pather than an
agcuprabe asgossment of time of. depesibicn, . Error may also have -been intro-
duded inrko the age saleuiations by the small size of many of the analyzed
Jamples, ' '

Taking all of the alorementionsd factors into congideration, the Pollow-
ing qualifying statements can be made about the Salt Cruek Holocene fiil
unita. ‘The age of the exposed part of the lowermost unit {Unit C} Is probably
bracketed between Y4,830+640 and 1,710+260 years BP,  The capping mudllow
depould at Loecallty 27 was deposited, at a maximum, 2,9204220 years BP.  The
maximum age for the middie unit (Unit B), which was depovitﬁd after the mud-
flow cap of Unit € filled the chanrel at Locality 27, is 3,360+190 years 6P,
and i more likely 2,080+4200 years BP.  The date of 210+60 years 1P derived

from near the top of this unit at Locality 20 may be the most aceurate date: 0

deptved [rom all the Salt Creek Shdiples beoause the sample was of adequate

-gize -and pouldinot chave -been rewdrked from:slder depaalrs‘_ Howeverj unly thé' TS
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youngest (580+\50 years BP) of the dl“OOFdaﬂt triplicate dates From near the
top of the unit at Locality 29 is supportive .of sSich a young date for -the.
Junit. Unit A postdates Unit. B in age and is probably s6il] augumulatlng
through eollan depOQLt1onal procesoes :

"".Lav re sul
Salt Creek indicate the need lor (1) additional age control through either
radiocarben or TL dating, (2} careful collection of samples to bc dated, and
(3) the kracing of the latcral extent of deposils in streambank exposures,
More extensive age contrel may also indicate, however, that the deposits are
not chronologically distinet units, and therefore not climatically controlled.

_ ‘Elsewhers, recent studies of cphemeral streams in. the Southwest have.
emphasiZed the concept of sediment storage in tho drainage basin, and bhe
episodic transport of sediment out of the basin during a series of cut-and-
fill cyeles (Patton and Schumm, 1975; Palton and Boison, 1986; Boison and
Patton, 1985}, The underiying premi 2 of this concept is that erosion or
deposition within.a stream channel is.in.response to.thieshold conditions of
instability, and is not due to elimabisz controls. "Both processes may be
oceurring. concurrently in localized areas within the sane drainage basin,
These concednts have developsd from 22 years of mcasurcments in specific
sbreams (Patton and Schumm, 1875) and from interprebations of Holocene tarrace
deposits in Harris Wash in southcentrat Utah {Patton and Boison, 1986). In
the lattsr study, three distinct sedimentary facles (a thick-bedded sand
-facies, a ripple-gbtratified red-znd-tan sand faeies, and a thin-bedded mud
facles) were rcecognized thtoughout the wash, but not in any preferred
sequence. :

In Salt Wash, the expusures that have been sbudied exhibit a preferred
depositional sequencce. Evidence of mulitiple cut-and-fill events is not
plentiful in the exposures examined, but can be seen in exposures on other

of'thlb grelimlnavy effort to POP[PldLe Holocene: depObltS in

stream courses in the area, Therefore, it ig llkely that Salt Creey is transg-

porting sediment through Ehe system in a mannsr similar o that deseribed by
Patton and Schumm- (1975) and Patton and Boison (1986}, "However, this dyolic
provess appears Lo be superimposed on larger scale changes that are suffi-
colently asignificant to uniformly a¥ter the character of gbreambed deposits
throughout the length of bthe channel that wes studied. These broader scale
changes are presently assesged to be climabizally controllad, ddditional work
should inelude the study of the upstream gsegment of Salt Creek, and of Holo-
cene 111 abundantly exposed In other gullxad drainages throughout the area,
This would provide an opportunity te aszsess the regional extent of the three
strabigraphic units defined to date, and their cnronologic equivalency.

2.6 SUMMARY

i numper of hiostratigraphie and geologic methods were used -in a preldim-

inary. agsesshent of bhe.paleoclimabic changes that have oeccurred in goubheast

Utah since latest Plefstocene bime. Based on resultd of preliminary studies,
macrofogsils collected from pack rat middens. most definitely bracket the
timing of olimate changes - abt bthe end af Pleistooene time,  This change is also

recordnd in polleh collected from lake ,Pd:mPnL>. Refinement . of the pollen o i
Tale) ﬂnntrln dpve]opuu fnum pack ral daLa.m_QnaiL:usgemblqggs_gm; o
Fotand T HaTeeetie: :i!dtlg aphlc Hﬂlt& cramtned Lo d

data could enh:

. L howeaver Clack sulficient:
_*agb contral, lOl eJLabilshlnh Uuﬁ i) pdlvool1mlhl ddta. e T
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 Régiona1:data indicate thal the major change from a cool late-Pleistorene

elimate to conditions that resemble the present-day environment occurred
-approximately. 17,0007%0 8,000 years BP. "South of the. potentldlly aceeptanle _
-repoditory siles atb Davis and Lavender Canyons, on the : outhern flanks~ofmthe,,‘”mg_;mw
woAbale MountaLns “data collectad: Tduring-this study: lndluabe tha. vogeba fon-
‘respondad- to the ctimatic change approximately 10,000 years P at a 1,58%-m
{5,200-ft) elevation, and between 10,000 and 7,200 yearq BP at a 2,19%-m

(T,EOO-ft) elavation. The data are bdbﬂd on maorofoas Is prﬂserved in pack
rat middens examinud during the Paradox Basin studies, This change is also
recorded in pullen preserved in pottom deporits of Duck Lake in the Abajo
Mountains, as shown by evidence collected during this study,

buring Holocene time, more aubtle global: elimatic: Pluotu&tion have -

 oconrréd., The {lll0b1010110 record varies as to the nature of Lhese changes.
B g

At some locations, such as lowlands in California and southeentral Colovade
(Buler, 1983), only a continuous warming trend is observad, [Elsewhere, the

middle Holeogne (7,000 or 8,000 to 4,000 or 5,000 years BP) 1s marked as a

warmer interval thon the preceding or successive periods (Baker, 1983). 'In
some areas, such as the northern Great Basin, conditions appear to have lLeen
warm and dry (fAntevs, 1955). In the southwestern States, they were probably
Warin and welt dus to the enhancement of the monsoonal effect {(Martin, 1963;
Baker, 1983}, fHolocene glaclation in wesbtern meuntain ranges appears to- have
oseurred In & nonsynchronous fashion (Burke and Birkeland, 1983).

Chronolegic control on Holoeene climatic changes in the study area
progently consists of interpretabions based on macrofossils found in pack rat
midgens south of the Abajo Mountbains, on sedimentologleal changes observed in
llolocene deposits, and on studies reported in the literature. The pack rat
data suggest that conditions were warm and Wet betwean 8,000 and 4,000 years
BP. A cooling trend and a decrease ln sumrer prainfall qppgar ko have devel-
vped after 4,000 ypars BP. Fluvial deposits in Salv Creek drainage, on the
eashern edge of Canyonlands National Park, suggest that runoff was suffi-
olcn* to develop a sandbed stream with dune forms on bhe bed between 4,300
and 2,100 yeary BP, Flow conditions gradually changed around 2,100 years BP,
resulning in channeling of the clder sandy deposits, occasional mudflows, and”
over-bani, quiet-water deposits, These conditions may have been due to
intenae storms and may have continusd up to ag récently as 500 to 100 yearw
BP, Slpce then, colian activity appears to have inereased, The present

Tgullying pvobgbly began in the late 1800s,

In nerthwestern New Mexico, Wells ot al, {1983) associated enlian depos
sition, badland denudatiori, and fluvial deposibion with a warm snd/or dey
petiad that ocourred betwesn 6,000 and 2,800 years BP, A cool and/op wot
period between 2,800 and 1,500 years BP iac;llrdbcd palecsol formation and
gtabilization of collan sourﬁe material. Another warm amd/or dry tréend that
began around 1,500 years BP has renewed alluvial and eolian depositfonal pro-
eegses,  In Castle Valley, north of the San Rafae) Swell in central Utah,

Currey (1976) related colian depositional perlodd that oceurred hetwsen 4,500

and 3,390 years BF and Crom 1,790 yeavs BP to the early 1403 to a reduction
in winter precipitation, inteng!ifled summer convective storms, and relatively
low s30il moisture,




Figure 2-8 is a composite of these climate interpretations. The data
span a 450-ke (280-mi) -long northwest transect, and represent an area that is
transitional between two air mass boundaries,” ﬂreas LD the south are subjegt
~to late summsr rainfall derived fran moist. maritime. air from the: Gulr of o
- Mexlco.  The northern part; - however, = more-influsnced - Hhy-continental: airflow
from the northwest,  Despite these dilferences, active eolian periods are
coineident, though of different duraticon, across Lhe area.

The elimatic interpretations derived from the 3alt Creek deposits do not
clozely paraliel the others shown in Figure 2-8, However, with refined age
agontrol on the Holocone deposits, the Holocene paleoclimatic Crends recorded
by other studies may also be refllected in the fluvial depositicnal record.

_Alternatively, interpretations.of fluvial/deposition conditions and pontrols™ "
may change as bthe deposits arc eramined in mors deball and other drainages in

the area are studied. Unfortunately, the early and middle Holoeene strati-
graphic record has prolably been eroded frow narrow stream channels, Such

erogion sharacterizes many of the streams in the Canyonlands area, At

present, however . the Mluvial resord in Salt Creek appears to be responding to

an oulside forcing factor(s) that is affecting the whole drainage basin, Most
likely, this factor fg either directly or indirectly related bo climatic

change.
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23.0 QUATERNARY STUDIES IN THE NEEDLES FAULT Z0NE

The Neéedles Fault zone: ‘ol the Pavadox Basin: OPCuplLS atl-- d[UUdLQ BORN Qoo e
,approxlnately D7 k(U i) lonp and: tU-Em’ (9 mi) "wide along the eastein. .. o
‘sids of the Colorado River immediately beloy LLs confluénce with the Green
River {Figure 3-1). The fault zonc consists of a system of northeast-
trending cxtensional valleys (grabens) bounded by normal fauwlts (Figure 3-2),
individual faults generally exhibit vertical displacements that range from a
meter (a few feet) to about 30 m (100 rt); however, near Cataract Canyon, up
to 100 m {300 ft) of displacement has heen reported (Lewis and Campbell, 1964,
p. 3). Subsequently, the graben v1llgyu have partially filled with alluvium,
ccolluvium, and-eclian deposits. o o ' '

Most theories on the origin of the Needles Fault zone emphasize grav-
ity tectonics as the cause. Baker (1933}, McCill and Stromquist (1974}, and
Stromquist (1976} propose that canvon cubting alomng the Colorado River during
Quaternary” bime reduced the aderburden above the evaporite sequence of the
Paradox Formation. 'This unloading alicwed the viscous evaporite material to
flow down the gentle westerly dip of the Monument Upwarp, and resulted in the
formavion of the Meander anticline along the Colorado River. The grabens
formed hy extension as strata overlying the salt strata pulled apart along
existing folnts. Huntoan -(1982) does ot beligve that salt flowage s
required for graben formation. He theorizes thal the incision of the Colarado
River formed a free vertical face or surface, and downdip westward gliding
formed the graben features. Hite {1982) credits salk dissolution in the
Paradox Formatlon with collapse of the overlying strata. All of Lhese mech-
anisms may operate to different degrees, depending on distance from the river,
amount of surface water that reaches the evaporite hor17on( sy, and the
preexigting joint systen,

Understanding the age, rate, and mechanisms of graben formatlon is
important te repository siting because of the proximilty of the Needles Faulh
zohe Yo the Davis and Lavender Canyon sites, Henee, a preliminary study was
undertaken Lo assess whether Quaternary deposits in the. grabebs . could. yield

7 information en the age and rate of graben development., 'Tu. address this ques-
tion, photogeologic interpretations, reconnalssance mapping, and sampling of
the deposits werce conducted during a Z-week period in 1982,

3.1 DRAINAGE ANOMALIES

Fxamination of zerial photographs rovealed that many swall drainages

in the Needles Fault zone have been disrupted by graben formation. [For

crample, wostward-tlowing tributaries to Lower Red Lake Canyon, in the

northern portion of the Needles Fault zone, have been beheadea by the down-

dropping of the Devils Lane graben across bheir channcls (Flgure 3.3,

Locality A; Figure 3-40}.. These streams now drain inte closed depressions

within Devila Lane (Figure 3-H0B).  1n nany of the graben valleys that are

closed dgpressions, sinkholes have lormed, and streamy Jdisappear into the

valley Cloors (Plgure 3-51), Thege ginkholes, referred Lo as “swallow holes"
by MeGiLland s Steomgiiis b CIQHEY A RE T TomBon Y Kléhﬁﬁlﬁ"'lo[LﬁLL1ng conlrol by '
cobadioek Joints o faul B s Sea b lowshobes up Lo 2070m (60 1) difepthavi Deen \
~observed; Lhay comionty OVldv exeellent, e po oy of the mu;l lac.nl ﬂlﬁbwnn o
flllllb awdlmanq. : . . S a : S
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_right of the phota.

A. View south of arcuate pattern of grabens
in the Needles Fault zone. Butler Wash
crosses the lower left corner of the phato.
Arrow points to Locality 41, a swallow hole
in Cow Canyon where a sail protfile {Figure
3-10) was described. Cther swallow holes
that can be seen in photo are noted by
asterisks, The Colorado River is to the

v Bl View aorth of fault bounding east side -

of Lens Canyor, as seen from Lowor

Rad Lake Canyon.

STRUGIURAL S
3 THE GRA

ATURES- - . -
S AREA

o Quiternary Tupicu.l H.f.’pm‘l

Project No, 17000

Woodward:Clyde Consultants .

Flgure 3.2

L7




in tha Needles Fault zone, as inferred fr om
abandonment channels preserved on horst
blocks.

Hachured line indicates southern extent of
Cedar Mesa sandstone expusties in area;
letterad locality is discussed in text, Area
where McGill and Stremquist (1974)

ar ig\'nally mupped the drainage pattetn

|prior Lo graben deve!opment is-outlined

by rectangle.

B

Present - day drainage pattern in the Neodies
Fault zone. Arrows indicate direct’on of
stream flow; black elongated dots represent
either swallow holes or panded areas where
internal drainages terminaige. Lettered
logatities are discussed in text.
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. B . ~ - s} LA
A View west of ‘hanging valley’ of foimerly waestward-flowing stream that has been behead—
gd by tormation of the nartheast-trending Devils (.ane graben,

B View northeast of Devils Lane graben. Graben valleys are typically flat-floored and filled
with fine-grained sediments, Blocks of bedrock, fallen from the vertical rock walls, typi-
rafly ooy along the margins of the valleys, The interior drainage in this graben ends in

fow-iying srea indieated hy arrow,

 ABANDONED AND'MODERN DRAINAGE |
SYSTEMS IN THE GRABCNS AREA -
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B, View south of fissure that has

ently constructed before its fo

in bediock to the south.

LOG, 1570 _
REV. 1:-9/16/85| - Woodward. Clyde Consultants

_"A, MieWw south ofswa (Bw hole lormedi T
along graben wall al northern end
of Cow Canyon. A fallen block of
bedrock is indicated by the arrow.
Bedding in  exposed sediments
ranges from laminated to massive.

formed

east of Devils Lane. Eanbankment for
stock pond, indicated by arrows, is -
downstream of fissure and was appar -

rmation,

Fissure is aligned with prominent joint
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ﬁtjéome é@éllow hole loeations, spen. chasma in the bedrock can be ‘seen
_beneath the alltuvial Till, - LeWwlis ard Campbell (1965) repiort 2-m (7 Tt -wide

bedrock separation, and that cattlemen have roliced.the develosment of - fault-fw,f

= line- sinks sinoe Tanching hegai Tin the area, ] u%1ug this seidy,—an - apparently -

~recent fissure was observed near Devils Lane” {(Figure 3-3, Locallty A). The
opening ig upstream of an émbankment built for watering stock {Figure 3-98),
and water that would have been [mpounded by the embankment now drains, in
part, into a bedrock fissure that is approximately 0.5 m (1.5 ft} wide,

The pregraben drainage nelwork identified in aerial photographs is
shown on Figure 3-3A, following the techonique. criginally reported in McGill

and Stromguist (1974), Preserved abandoned.chunnels in-the northern part of = -

“the fault zone are confined to the resistant, extensively jointed, Cedar Mesa
Sandstone tongue that crops out in that area. The lack of evidence o pre-
graben drainages in the central part of the area may be due to the iess resis-
tant npature of the Cutler Formation, which crops out there, Enougl Lime has
passed since initiation of graben formation to have removed évidenee of any -
former stream channels in this area,

Another area where few abandoned channels are visible on aerial
photographs s on the block bounded by Lower Red Lake Canyor, the Colorada
River, and Red Lake Canyon {Figure 3-1). This area is capped by Cedar Mesa
Sandgtone, in which channels are well preserved to the east, The lack of
abandoned drainages west of Red Lake Canyon suggests that the Red Lake Canyon
graben was one of the initial grabens to form, and that it intercepted streams
flowing From the east. Therefore, the grabens esast of Hed Lake Canyon
(Cyclone Canyon, Devils Lape, and Devils Pocket) did not form until streams
that emptied into Red Lake Canyon praben had had time to become incised into
the Cedar Mesa Sandstone.

~In addition to the apparent youthfulness of grabens eastward from the

river, MeGill and Stromquist (1974) uzed the pregraben dfainage pattern to
infer that grdabién formation has also progressed in a northward direction,
Drainages on the northern end of the Needles Fault zone appear less adjusted
to graben develepment than those farthdr south, as evidenced by the extent of
internal drainags, and the preservation of abandoned (hanging) utream chahnels
oh the horst blocks, In .the southern portion of the arca, sireams such as a
tributary to Y Canyon have partially adjusted their courses to fellow graben
valleys (Flgure 3-3B, Locality B). The resulting drainage pattern is strongly
rectilinear, Peflocblng the influence ol graben structure on the stream
courses ([1Fure 3~1),

The channcls of the larger stireams, such as Chesler Canyon and Butler

Wash, show onty minor control by the graben structures, Although Lhese
streams have maintained thelr courses across the graben structures, they have
contributed noticeable alluvial fill to the graben vallevs as thoy encounter
the western bedrock wall of downdropning grabens, Lo Crass Canyon, at Loonl-
ity %5, the stream Clowing into the graben from the east disappears into
~gwallow holes and no longer flows out vestuward through the well-defined
ohanne], whose floor is now 1 to 2 m (3 to 6 [L) qbove Lho grqbeu {'loor.

lhn deIHde dHOdelﬁw:ﬂﬂl oLheP-pﬁomulph Lesfeaturns: Obseryad o bhe
. Noodie Fﬂn v zore pun be uacd - to dd1P the becency. of graben developnent
- Mcblll anl Sttomcla,i gl ﬁ%leﬁt“ Lia\ praben Covmabion bapan around
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500, OOO .years ago, basad. on an’ equmated rate of incision. by~ the Colorado
Rlver ~and the depth to the Paradox memnber bonpath the river. ]hese authors

- tence of 1nternal dra1nage as lndlcatlona af! the youthfulnesb of the Faultlngl'”";:

Although the swallow holes have been presented as evidence of recent graben
development by extension of the subsurfacc bedrock units (MeGill and
Stromguist, 1974; Streomguist, 1976; lLewis and Campbell, 19658), surveying or
instrumental data would be required to verify this theory,

An alternate explanation for the histaorical appearance of swallow
heles is that bedrock separation occurred long ago and the open fractures o
subsaquently were filled with witidblown and/or alluvial material.” The right -~
combination ot surface drainage and subsurface piping action could Flush the
sediments, again creating open fissures and swallow holesg, and the filling
process would start anew. Sediment influx into a graben way fill and even-
tually cover a swallow hole, whereas piping action of surface water through .
the [ill and bedrock Fracturos can cause the Formation of new swallow holes
(Figure 3-6). ‘Therefore, the geomorphic features that are most indicative of
reeency of graben development are the internal dralnage system, beheaded
streams, the lack of through-flowing streams to the Colorade Hiver, and the
ponding of sediments against the western walls of grabens,

3.2 CRABEN-FILLING MATERIALS

Exposures of graben-filling sediments in swallow holes reveal a com-
bination of celiuvial, eclian, and alluvial deposits., At =some loecalities,
large sandstone blocks up to 10 m (33 £t} in diameter have fallen from the
graben walls and have been, or are being, buried by the fill aeposits, Fine-
graincd sediments, consisting primarily of massive sand with layers of angular
pebbles, have (illed [n the spaces adjacent to the blocks. The extent of soil
development obsarved in the fine-grained fill -warles from the total absence of
buried soils at most localities, indicating that depositlon has been contin-

~nous- and/or relatively rapid; to.weak caleic horizons, suggesting episodic: -
rilling of the swallow hole; to buried, moderately developed, caleic and
cargillic soils. The graben 111 was examined and sampled for age analyses at
five locations (Figure 3-1, Table 3-1). Samples were collected lor radio-
carhon and thermoluminescence (TL) age analyses at all Pive localities.  Soil
profiles were described and sampled lor pedogenic carbonate conbent at two
localities (#0 and U1, Figure 3-1). The stratigraphy and laboratory resulis
for the five sites are discussed in the following sections,

3.2.1 Cross Canyon, Locality 45

. The swallow hole Formed at the intersection of Cross (AnVun with ..ae
northeastern end of lmperial Valley (LOCdllLy 4, Fipure 3-1) Figure 3-7T)
exposes bthree major sedimentary units that document propgressive ponding of
drainage and recent deformabticn of pgraben-filling sediments. 'The oldest
sediments exposed consist of approximabely 5 m_ {17 FfL) of pebbly sand, sand,

Tand cobbles (Figure 3-8), and aré indicative of unr“<tri od_utvnam F]ow lwb"'"

Thiried e ldy- ~tieh hotizonE , interpreted as pvdunenlc lH‘Uflgln, Wei'n OD‘OIVOd
CThe uppermoste Ls overtain el thT 15 (8 L)cﬂ rollan sund, A radiosrbon -

- date. of 1, 0204520 yoars before presenl. ( (WS U-"?GS) b s obtauwd Prom L e

H2
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Cementad colluvitn fillitsg bounding fault of a graben structure along the Celorado River

{Sec. 34, T30%S, R18E) il the Needfes Fault zone. A similar feature was observed in
Cross Canyon, onhe mile upstreany from s confluence with the Colorade River,
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Table 3-1. ‘Age Estimates and Dates From Surflicial Depesits in the Needles Fault Zoneé'

Dating Technique
Carbon-T14;

Sice : Sample Ped, | Age . U
Locality Loeation Sample Size {g¥ TL CaCO3{a (163 yr BP} Lab Number Coﬁments
) Sec.' S,
T31S, Bi8E-1 (a) : x 61.54 + 4.67 ALPHA-52%
siesters graben (b} : X 65.37 + 4.53  ALPHa-527 o e
' x 115 to 190 .- 29 g/cmd. estimated;
: pedogenic Callz in.
' o ' soil profile.
41 Sec. 11, {a) 2.9 1031 modern WSU-2766 Chencped- seeds.
T3S, FiBE-1 (b} .08 : 2.76 +.C.2 W3U-2767 Charcoal. Date
Cow Canyon . ' _ _ ' o deri ved ‘vhrough
barium’h {droxxde
. - _ pPO“EbS .
() ' X 16.3 + 1.47 ALPHA-4EB o
— Cox 70 to 115 ' 17 brcma estlmated'

pedogerlc CaCozy lr
’ o soil proflle :
42 See. . 11, ' {a) 0.85 _ b 2.45 + 027 W3U-2797 Charcoal:
' 7318, RiBE-2 S
Cow Canyon

4y See. ik, {a) 5 0.3 + 0.065 WSU-2T56 Organic matter.
7318, R1BE-2 il : Cox 3.22 +'0.29 ALPHA-S28 _ e =
Cow Canyon {c) 0.6 3.91 + .69 . WSU-27EY Chareodl,

{d) 1.5 110% modern WSUG-2763 Wood .- )
fe) 1.1 2.70 + 0.22  WSU-276% Charcoal.

45 Bec. 28, _ {a). . 8.0 102% modern WSU-2795 Wood_ i
T8, R18E-1 (b} ' x 11.56 + 1.08 ALPH2-931 Cle
fress Canyon {c) 0.5 6.42 + 0.73 HWSU-2794 Charcoall.

s {d) x % 16.3 + 1.26 . ALPHA-529 B
{e} X _ 46.3 + 4,83 ALPHA-530 o
(£ 1.5 1.020 » 0.52  ©SU-2768 Chareoal.

Nore: See Figures 3-8 and 3-11 for schematic stratigraphy and lecation of sampling sites at individual

loecaliities.

Q_ia} ‘Pedogenic czleic soil ages based on estimated carbonate influx rates of 0.13 to 0.25 g/cm2/1;0b0 years.

i (%) The barium hydroxide pPOCESS”iS described in Section H4.1.2.
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COLLECTION $ITE OF
() SAMPLE FOR AGE
) ANALYSIS

@ COBBLES CLAY

PERBLES }-':",;3 ORGANIC—RICH CLAY
SAND iﬂ"f-l TOP OF BURIED SOII.

DERIVED DATES (years BP)
(a) 0 102% MODERN
(b TL: 19,560 & 1,080
o 1t 64204 730
T 16300 4 1,260
@) TL: 46,300 £ 4,690
M 1C: 1,020 4520

See Tablo 31 for additional data regarding samples.

] coLian sany ARGILLIC HORIZON

. LOCALITY.45 7 "
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|+~ QUATERNARY SEDIMENTS EXPOSED IN = =
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charcoal at the hase of the exposure, and a TL date of -46,300s4 ,630 years
(ALPHA-530) was obtained from sediments near the top of bhe cldost unit
(Flgures 3-78 and 3-8, Table 3-1). -

TR younger un]t, eonsisting of- dtﬁleast 4 6 mi (15 ft) oF rhythmxcally
hedded sands and clays, fills a channzl cut into the older unit (Figure 3-7).
Mud-cracked clay layers that occur at the top of most cycles appear Lo
represent A more restricted stream flow than in the older unit and indicate
that flow was at ieast periodically ponded, A date of &,4P0+730 years BP
{WSU-2794) has been dorived From charcoal pollected from the base of thase
sediments; sediments from the same horizon yielded a TL date of 16,300i1,260
.jearu (ALPHA 5?9) (Figure 3m8 Table 3—1).

rhe Upp?lmobt unit in the Cross [anynn swallow hole consists of approxi-
mately 1 m (3 ft) of linely layered; matted organic debrig interbeddad with
thin sandy layers. ¥Flow during deposition of the uppermost unit was appar-
ently more restricted than that assocjated with déposition of the middle unit,
The iower half of these sedifments 19 dounwarnnd wheveas Lhe uppormﬂut strata
are horizontal (Figure 3-94). A carton-14 {1‘C) date ol *103 percent modern®
(WSU-2796) wag obtained From organic debris al the base of this unit, A TL
date ol 11,560+1,080 years (ALPHA-%31) was derived from silt deposits, alse at
the base of the unit, '

The age-~dating samples were collected to provide both an age of the
deposit and a comparison between the radiocarbon and TL dating methods, Two
samples {one for ecach of Lhe techniques) were collected from each of the three
urits, There is no agreement between the derived dates for any of the sample
sebs, The T dates are stratigraphically reasonable, whereas tho lowermost
g date (3ample , Fipure 3-8) is tgo youhg, both in view of the paleosols
present in the profile, and when compared with the other derived dates., With
the present amount of data, it is not possible bte Judge which set of dates
most aceuralzly reflents the actual apge of the Lwo younpger deposits., The bwo
s0ils observed in the oldest unit support the derived TL date of B,300 years
BE; however, thoy ate nob sulficienktly developed to sugpest that the deposit

Cls signilficantly older than 50,000 years BP, Ce :

The character of' the deposits indicabte thal ponding of the Crosa Canyon
atream and the developwent ol swaltow holes did nol occur unbil alter the
“oldest oerposed unit o vas deposited,  The cobble-slew olasty In the oldeak
depeosibs ars indieative of u higharr velocity than that ol' the presant-day
sbream upstream of Locality 4% in Cress Canyon, Alternatively, graben forma-
Lion may bave aiready begun, but the sbream was able to maintain flow across
the wesbern Tip of the grahen, A modern analog may be seen in Lhe area whore
Lhe jeep roud erosses the wagh gouth of Bubtler Wash (E on Figure 3-1).

A oswillow hole 2t Jeast 5 om (1 't) deep subsequently developed in
these denosits and woy Ci)led with material indicative ol -restricbed strean
Tlow, The lack of cobbles in thedge depodild sugpests bhat the velociby of
water lawing 1nta the swallow hole was signiCicantly lower than bthat uhich'
deposibod the older material, Ihe downvarping of the uppermost il probably
lULluLtb Llie npening ol a void beneath the deposits while they weirc aocumu-

Sl g ThET P 0 W s not ST et LY Tarpe to ealde collapse of thn

-,lPuli oupased it the s modeenssdad Fowshodes s and’ he! Uurfu(v'dpptn&
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A. Suriel deposits and thin Leds of matted organic debris downwarped into a yulley on west side
of Cross Canyon swallow hole {Locality 451, Arrow shows collection site of radiocarbon and

T1L age dating samples. The derived TL dale is 11,56041,080 years BP; the e dateis 102%
modein,

B. View north of uppermost partion of sediments that have aceumulated In a grotien 1o the western
part of the Neadles Fault zone (Loeality 40). Mastive units exposed near persen {afrow! are
probalily eolian in wrigin, They are overlain by thinnee, Gedded sand and cobbly colluviutn,
Basal fluvial deposits were observed at stream level, where a T1. date of 65,2704,530 vuars
A was nbtained. A T date of 61,540 £ 4,670 years BP was derived near the top of the over-
lying enfian malerial {(See Figurs 3-111,

~ GRABEN-FILLING DEPOSITS

--Quétemarv-T-unical Hepart

LOG 1574

o Proigdt No. 17000
REV. 1-8/16/85 . Chde C

' Figura 3.9
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The deposits observed in the Crosy Canyon’ aNdllOH héaLe 1ndlcate that
‘depositicn in the Neadlcu Fault zone is complex. Extensional bedrock defor-
“.makion has. prov\;nd an_underground ' plumblng? system 1nto whigh-- stroams
W?flcwlﬁg into-che grabens can tolally digappear.. Swallow holes cdn develop
by ‘@ither the Oonbinual widening of the pull-apart bedrock fractures, or by

the flushing {c¢r pipirg) of [racture fill from undernsgath, Onec a hole has
developed, the subsurface drain could be plugged by a high influx of sediment,
and a hole might develop elsewhere along the fFissure, - However, the original
location may evertually again be the site of subsequent collapse and inflow.

3.2.2 Cow Cangon-

The upper 3 m (10 £t) of graben-filling sediments are exposed (1) in

swallow hole in tha center of Cow Canyon {Lecality 41, Figure 3<1); (2) in
a Uem (12-£t)-deep swallow hole along the northwestern cdge of Cow Canyon

Locaiity U2); and (3) in a serics of swallow holes, up to 6 m (20 ft)
deep, neapr the intersecticn of Cow Canyon and a hranching graben to the east
(Locality 4ly, Samples were collected at these swallow holes to assess Lhe
age of the graben 111 irn Cow Canyon. A soil profile Was deseribed and sam-
pled at Locality U1, The samples obtained were analyzed lor carbonate content
and particle sige distribubion (Figure 3-10}, Additionally, two charcoal
samples were ccllacted for radiocarbon dating from both above and below the
calecic soil harizon. Another sample stratigraphically below the lower char-
eoal sample was collacted for TL dating. 3t Locality 42, charcoal was col-
lected at a depth of approximabely 3 m (9 ft), The stratigraphic settings
of the multiple samples coilected from Localities #1 and 4Y4 are shown in
Flgure 3-1%. :

3.8.2.1 Loecality H1
The swallow hole at Locallby 01 is in a tépographioally high area, and
dppcars to be in the center of a graben. However, the swallow hole probably
aolirs Above the buried extension of a Fault Lhat bounds a narrower portion of
the graben to the south.

The sedimentary unlts exposed are indieabtive.of initial- fluvial deposi-
tlon, followed by a perfcd of colluviation, w'.th gclian deposition oceurring
mesk recently. Ak the base of the exposed. measured section, 1.8 m {5 ft) of
alternabing sand and elay-rich units are exposed. The clay-rich layers con-
taln Fine organi : debris, A buried secil, which exhibits an argillic B horizon
and a caleic horizon {Figure 3-10), is. preserved at the Lop of this scction
along the east wall of the swallow hole, Along the west wall, the B horizon
is weaker and is absent In plases, bub the carbonate is bignlficnntly strouger
(up Eo 1 m {3 f&) of Stage 1II carbonate 1a present), .

A pebblj sand upit 1.1 w (3.5 €t) hick disconformably overlics Lne
burled soil. 'This unit probably represents slope-wash depnsits,  ‘The con-
siderahle relief observed on the base ol this unit indicates that open cracks

ante ?UJ]L€3 ‘were probably present durlig depusition o this fi1l. very we\P"._ii ' 

... {Stage.l):calole-horizon-is developed “in thim unit. "4 08w (2.5-1t) thbk
_:norlzon oP flne eu]lan 5 ind wanmeasured, above the slope=washunity



The derlved age estlmates and: dates varied 31gn1flcantly at Locallty B,
A total of 17 g/eme of pedogenic carbonate was measured 1n the sampled soil
eolumn- (Flguve 3=10)._Using the. Jong=term. “carbonate. -influs-rates-or-0+19 -t - -

0125 g7em/ 15000 years (Séction HiTIT H 1) that have been edlvuldted £or the

area to the oasL and nerth of the Grabens (WCC, 1982a, Vol, I, p. 3-16), an
age of approximately 70,000 to 115,000 vears was derived for these deposits,

A radiocarbon date of '"103 percent modern (WSH-2790) was oYtained from
the charcoal collected [rom slope-wash deposits above the buried soll horizon;
another date of 2,76G+200 years BP (WSU-2767) was obtained from charcoal colw
lected below the 0011 horiznn. The TL Sample, collected wnear the bottom of
" the exposure, provided a“date of 15,3004 17470 years BP {ALPHAZUGB) (Table 3-7%

Figures 3-i0 and 3-11}),

The two derived radiocarbon dates are judged to be an inaccurate reflec-
tior of the age of lhe deposits because of the extent of soil development in
the soil profile. The "modern" sample was apparently conbdanatﬂd, or a
recently charred plant root; the older sample may also have been a fragment of
a charred root, representing a plant living in the deposit 2,800 years ago,
Alternativelv, the older ¢ date may nit be accurate because of bthe extremely
small size of the analyzed sample (Table 3-1),

The other twe dating techniques (soil carbonate accumulaticn and TL
analysis) provide widely discrepant age estimates for the deposit. The
caleulated soli carbonate age of 70,000 to 115,000 years seems high, whereas,
given the extent of soll development observed, the TL date of 16,300+1,470
years BP scems low, The carhcnate Influx rate may be abnormally high in the
Crabens area because graben structures tend to trap eolian materlal znd retain
g0i) ecarbonate within their closad drainage networks, These factors may con-
centrate CaC03 in the soil profile, and provide an age estimate that Is too
high.

1 the TI. date is assumed to be correct, the carbonate influx rate would
be approximately 1 F/cm2/1 000 years., -This: rabe iz less than the Holocene
" rate of 1,39 g/cm“/l 000 years derived for 1,300-year-old deposits near
Moab, Utah (Loeality ¥, Spanish Valley}, but twice the mean average rates
rwported hy Machette (1985) for the last 18,000 years in south@rn New Mexico
(Section 4.1, 1. 4.2), Howaver, an influx rate of 3.84 g/om /1,000 years was
derived from deposgits averlving a charred horizon dated H30+110 years BP
(DIC-1893) in the Gitson Dome are: (Locellty 46), (WCC {1982 Vol, 1] _
reported the infilux rate ag 4.65 g/cme/1,000 vears,) TheieFOEE, although the
local cumulative influr rale of & g/va/i 000 years for the Grabens area may
not be unreascnable, the TL age of 16,000 years for the depo=1tu i3 probably
too young for Ethe bxtent ot 01l development chserved,

Without additicnal,data on local Holosene/late Plelstocene carbonate
infLu® rates ov analysls of the accuracy of TL dates {see Sactlion 4.3.3), _
the Cow Canyan doposita at Loeality 41 are Judged -to be 16,000 to 80,000 yeoars
in age., The lower age estimate rvflevh] the T date ohtalned The older
age estimate assumes a 0, HHI F/ﬂm /1,000 years accumulation rate for the
“Jast 18, ODU years (Machette, 1985}, and rate of aroumulation of _

IR g/omh/1 000 years for 1at9 P]PLHEOPQHB ttﬂe (see SeOtLDnb H 1 M.T"

:¢ :a10 1.1, ﬂ ?)
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2 Locali+y Hd t 7:'

The Lhardcter of the grahen [11| was aXQU examined at Loballiy bz, 0.6 km
{0.35 mi) northwest of Loeality U1 {Figure 3-1), wherc a swallow hole has
developed along the western edpe of the Cow Canyon graben, exposing approxi-
mately # m (12 rt) of sandy depesits. Layers of angular pebbles are common,
and the fill resembles the slope-wash deposit at Locality 41. Fine-grained
horizons containing organic debris are much less common than at Locality H1,
#long the northern-wall of the exposure, large colluvial blocks of bedrock
have been buried by fine-grained deposits, o R o

4t Locality 42, a dale of 2,450+210 years BY' (W3U-2797) was obtained [rom
charcoal collected al a depth of apprezimately 3 m {9 ft). The stratigraphy
oxposed in the swallow hole consisted of fine~ to mediun-bedded sand, silt,
and -pabble-layers. - Other means of quantitalively assessing the decuracy of
this radicearbon date are not available However, the date is judged reason-
ablc beeauwse of - Lhe observed yuuthfnlness of the deposits, which were uncon-
golidated and lacked discernible podogenic development.

3.2,2,3 Locality di

Locality 44 is 1.2 km (0.75 mi) southwest of Locality 1 (Figure 3-1},
and consists of a series of swallow holes formed along a bedrock wall, near
the Intersection of Cow Canyonh and a branching graben to the east, Approxi-
mately 6 m (20 {i) of thin- bo medium-bedded sand, claycy silt, and infreguenl
layers of small pebbies, clay, or organic material are exposed. Four e
samples and one T. sample wore collected to dabe deposits from the bhree
different swallow holes,

A TL date and a "¢ date rrom samples colliecled at a depth of & m
(16 leet), and having a vertieal segparalion of 0.3 m {1 ft), have concordant
-nuulbu O %, 2204290 years BP (ALPHA-528) dnd 3,910+690 years BP (WSU-2764),
respectively,  Charcoal collected at a shailower dgepbth (3.7 m [12 Tt]) in a
nearny swallow hole ylelded a Ye date of 2,1004220 years BP (HSU-2765). One
other infermative date, 300465 years BE (W U 2766), was derived from organic
debris cellected 0.54m (1.5 Ct) below the pround sSuelace,

Locality 4 is in a topogeaphically low area of the graben, and presantly
receives runeff From a limited local area. The radiocarbon and TL dates Prom
that area are stratigraphically reasonable and in agreemert, wibh the excep-
tion of oneg "modern" date that supgpests sample contamination, The dates are
assessed as providing an accurate ape assessment of the deposits at this
ivecality. : :

3!2.2,“ Summary, Cow Canyon

_ -..the age dates indieate -that-the-upper -S-m (16 L) of FiFl-expoynd 0 ERe
~owallow hoeles . in the toDoLraph10111y lower northern-and:southern :parts ol Cow.’."
Canyon aré of late Hulocene age {less than 4,000 years 0ld)," . The sedimenta-
'tlon rates deidved at’ those Jooalltleo valy From .2 m Lo 1, f m{3.9 to
5.0 Lt} per- 1,000 years, Although these ardas are now actively eroding, no
DV119n00 o' a previous episnde of swillow-hole davelopment and subs npuont

T -



.PCfllang oF tht d?prebslon was seen. Such. Pvldenoo wab observed “in- the

—middlE of” Cow LCanyon - {LouaLLty Yy and at Cross Canyon. {Locallty s, Sed-

- tion 3.2:1Y." However, {his may he due to the fortuitous location af the
present swallow holes.

The swallow hole in the middle of Cow Canyon (Loeality U1) exposes an
older sequence of deposibs bLhan Was observed at either Localities M2 or B4,
The nole Is in a topographically high area, and therefore presently receives
only eolian material and very little waterborne sedimenf. Howcver, the .
alluvial and slepe-wash deposits observed in the lower-half of the profile’
‘indleate that this part of the graben has been subject to luvial Tlow con-
ditions as recently as 16,000 or a2 carly as 79,000 years ago. The lower halfl
of the prefile shown in Figures 3-10 and 3-11 ig characterized by argillie
soil horizons, indieating at least a probable late P'leistecene age for the
deposits, E ' '

-3.2.3 MWestern Graben, Loecality Y0

Deposits filling one of the westermmost (and theoretically aldest)
grabens art exposed in a stream meander at Locality 40 (Figures 3-1 and 3-9}.
The lowcrmost stratum in the exposure consists of flat-lyling, well-sorted
Pluvial deposits; eglian and colluvial deposits comprise the remaining over-
lying deposits {Figure 3-11}. Two buried soils werc observed in the exposure
both characterized hy argillic and calcic soil horizons. The lower soil has
formed in the fluvial deposits near the base of the exposure, and the other is
in an ealian/colluvial unlt,

Two samples were collwcted for dating oy TL analysis; no material asnite
able For radiocarbon dating was observed, A TL date of 65,370+4,530 years BP
{Mpha-527) way derived [rom the fluvial depogits at the baye of the exposure
(Figure 3108}, The cother date of 61,540+4,670 years BP (Alpha-526) was
obtained from the argillic soil hor140n in a massive sandy unit of prowable
eclian origin in the middle of the aexposire. The dates are bthavefore strabi-
graphically consistent,

Jamples were also collected throughoul the exposure Lo estimate the
age of the deposits by caleic soil development. Laborabtory amalyses of the
samples indicate that 29 g/cm2 of pedogenic CaCly have acoumulated in the
5011 profile (Table 3-1). Using reglonal carbonate influx rates of 0.15 to.

0,75 g/em? /1, 000 years {Section 4.1.1.4.1}, a date of approximately 115,000
to 195,000 years BP wag obbtalned fof the depeslt. As discussed i{n Sec-
tion 3.2.2.1, soll carbonate data collected ab% Locality ¥1 in the Grabens
area suggeslt that carbonate influx rates in the area may be hipher than the
regional. trend, parhaps because of tho.natural LPdp‘ tormed by the graben
structures.. When an influx rate of O.447 g/eme/1,000 years ls assumed
for the laoh 18,000 years {Section 3.2.2.1) and rpglonal rates ol 0,15 to

0.25 g/ont/ 1,000 yearys (Saction 4.34.1,6,%) are applied Lo earlier Pleistocene.. ... .

_time, an.age range- of- 1004000 to 160,000 yedrs is obtained, 1f thp 1L dates_m‘”
Aare assumed oorrecl, Lhe average 1ong term rate: for Pd”bOﬂdte LnFLux ‘i3 on
the orfder of 0,16 g/cmC/ 000 years. Applying the long-term influx rate.

. obtained av Locality 81, 1 g/cm?f1 o0y y ars, the ueposits at Locality 45

- wauld be only 29,000 years old, :



e, ddLEb wobtained for the deposits. exposcd at. loaallty HO indicate that

”mfthey are probably-older - than material eiposed “itn Cow and Cross- Lnnyon Fhlb,,'

interpretation is auppotLed by the presence of two buricd soils, the gr“ater
amount of soil carbonate in the deposits, and two consistent TL dates, The TL
dates are judged bto be reasonably accurale, placing the age of the depogit at
approximately 60,000 to (5,000 years. The age range indicated by the soil

- cartonate data, 29,000 te 160,000 years, using influx rates that are higher
than the agsumed regional rabtes, brackets the TL dates, bub cannot be used to
assess the accuracy of the TL dates because ol the uncertainty of the soil
carbonaté inl'lux rate applicable o the Grabens. area,

3.3 ESTIMATED RATE OF GRAREN FORMATTON

The rate of graben dévelopment can be asxscssed by estimating the time
of initial graben formation. As discussed earlicr, prabens in the northern
ardd easbern areas of the Needles Fault zone appoar to be wore rceently Formed
than those to the south and west, respectiveiy. The time of canyon develop-
ment can be uwsed Lo estimate the rate of praben formation from west to east,
The upper limit is provided by the ape of Cataraet Canyon., The eanyon is
30w (1,120 I't) deep. Assuming the vonservavive (i.e,, probably too high)
river incision rate of ¢,24 m (0.8 ft) per 1,000 yenrs (WCC, 1982a, Vol. [},
Cataract Canyon began forming approximately 1.4 million years age, and graben
development would have started at a later time, '

The lower limit is more difficult to deline, AL the present Lime,
the oldest dale Lhat has been derived Cor samples collected from Quaternary
sediments accumulated in the downdropped graben structures is approsimately
65,000 years BP (Bection 3.2.3). Because ol the laek of ather age data, this
date has been used to delfine the minimum age of the grabens, The graben Crom
which the dated sample was collected is locatbted 3.2 km (2 mi) Crom the river,
An an_area where the eoalbive grabon, system is 12 km (7.5 mi) wide.  The sample
was collected from preobable solian (dune) deposits along tho castern margin of
a doundropped graben bloek. The ecolian deposits ware subsequently huried by
solluvium derived from Lhe adjacent herst block,

Development of the overall praben system would have acbuzlly bepgun prior
go 65,000 years age in order for the graben in which the sample was collected
to have formed, and Tor graben development to have progrossed eastward Prom
the river to the sampling site,  As described above, the sample site is
located 3.2 km (2 mi) from Lhe river, and the EHLtte graben system is 12 kn
(7.5 mi) wide abt this point, Assuming that, through Clme, graben develcpment
hus progressed lingarly eastward from the river, the 65,000-yoar-old date
rafieets the minimim time in which 25 percent of the systom had formed.  This
approach resuits in a caleulated minimm age of approximately 85,000 years for
the graben system.

The estimated range for the apge of the graben system provides a moanyg of
“bracketing “the rates Tt which Uhe grabens Rave developed, " Givan the assump-

Soticns that omasa moVenekt processes-(and-fence | grabeh Cormaliony. did: not biepin

Cuatilartew 18 million: years ago, and that they have developed over a-dis-
tance orf 7.2 km (i,5 mi) since then, Lhe lower bound on the rate of graben
form@abion is S m (17 £L) per V000 yeais. The uppor limit on the rate of
graben geowth {5 provided by the ss .Hmp fon thnt graben developmont began
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..85,000 years BP

- from the rivers Thes e paramptero prov1dp & M i rate of arabcn.f
of approximately 140 m (465 ft) per 1,000 years. The rate of graben .
development from south to north cannot readily he entimated.

3.4  SUMMARY AND RECOMMENDATIONS

Reoonna1ssance level observaLLons conducted dHPlTL the Paradox Basin |
studies support -the theory that graben. Cormation 1s. an. ongoing process, - ‘The-
geomorphic expression of drainape changes indicates iiat the grabens may be
younger in the northern portion of the area than in the south., The pattern of:
complex, coalescing graben valleys along Lhe Colorade River, and simple linear
structures along the eastern margin of the arca alsd supgests that graben
formation has procesded easlward, away from the river (MeGill and Strowmguist,
1970}, A crude and conservative (L.e., high) estimate of the rate al which
the graben may have dproad eastward is &% to MO m (17 te UBS FE) per
1,000 years.

The effect of graben loraslion is recorded by the geomorphology and in
the Quaternary rill deposits,  Some exposures provide evidence thal streams
initially flowed freely across this area, and progressive restriction and
eventual ponding of the shream [low occurred. In most exposures, only the
effecty of ponding were recorded -in the depusibs, Preliminary evidence
supgests that swallow hole feabures may be regularly created and filled, then
re-areated above graben-bounding faults., Swallow-hole formation may be caused
cither by expansion (opening) of faulta due to downdip gravity sliding of the
Negdles bedroek mass, or by piping and flushing of sediments from open sub-
surfacoe fractures lformed by the boundary faulta, The bedrecck floor of the
graben was. not observed in any ol Lhe swallow holes examined. Therefore, the
depusits exposed in Lhe swallow holes postdate, and provide only minimum dates
fot, graben Tormation, : . : ce :

hge data indieate that the oldoaL dopﬂath studied are apptoximately
6,000 Lo 65,000 vears old, and are oxposced in one of bthe western grabens
{Locakity #0), 1t is unlikely that the oldest basal graben deposits, which
“eould provide conbrel on the age of the grabens, and hence a means of esil-
mal ing the rate of graben formation, will be seen in surlace exposures. The
gl low holes and streambank exposures provide access Lo only the upper 6 m
(20 fe) of material at a limited number of localiens. Geophysical investi-
pative teehniques would be required to learn the depth and geometry of tho
pgraben [ill,  Sawplues for geologie datning might be acquired tom basal udepo-
5its through the usc of a coring device; gawmples taken at ineremental depths
woluld provide a meaps of evaluating the acouracy. of dervived dabes, . Uraniam-
whend dabing ois the most delinitive dabing method applicable to the graben
doposits;) however, JL i3 not commercially available. Uf those tGChHiQU&S Lhal
arag commercially available, Ghe padicearhon and TL dating methods and patea-
mapnebio analysis appear most appliecable to assessing U apge ol 'IHan
depusitsT THEP GonsT of orgaiid débriEs (tiigs, loaves 1) found in “the

evelopment

Cponded deposits grweral 1y provide i adequate amolntrof sampie Tor rad isearbon <

analyses, and should aconrately provide a date for the deposit: PO i Y losy
that - 35,000 years old. . The TL mothod prov;dnd ;LIHLIPF\pthdlly and (gaen-
“erally)opeolopgical iy readonable dates in the preliminary study,  However,
beeause the dating method is relatively ned, duplicale dating is rﬂvommundnd

'.i,-f!




_to verify the derived:dates.. Paleomagnétic-unalysis could be uSed £ deter- -
“mine "I the deposits are glder or younger than 730,000 years BP, CT

Age assessments based on calcie soll development provide a broad age
range due toe the uncertainty i the carbonate 'inllux rate for tEhe area., If
the TL dates are assumed acourate at the Ltwo localities where soil carbonake
aceumulation was measured, long-term infiux rates of | glem? /1,000 years and
046 g/em©/71,000 years are obtained. The long-term rates calculated previ-
ously are 0,15 Lo 0.25_g/cm2/1,000_years. The internal dratnage and the
natural Lopographic traps Pormed by the grabens may dontribute Lo unusually
high (also loecally varied) varbonate accumulation rates in the Needles Fault
zone, Unbil hetter age control is ohtained for calcoulating influx rates,
caleic spil deveiropuent ls useful in providing only a broad age assessment for
deposits in this area. o : :



SN0 METHODS -USED-TO- DATE

-QUATERNARY-DEPOSTTS " o

As part of the Quaterpary studles of the Paradex Basin in Utah, various
age dating technigues were used and evaluated in assessing Lhe ape of Quater-
nary deposits and events in the Paradox Basin. A list of kechniques incorp-
orated in Lhe dating program, and desecribed in this section, is presented in
Table #-1. . [t includes commonly used welhods, such as carbon-td (14¢)
analysis, as well as new technigues that have only recently. become available
en & commercial hasis. 'The results of the dating studies, includiipg thelr
applicabilify and recommendations for future studies, are discussed in this
chapter. All .of the age data collected from the siles shown on Figure 1~
are presented in Table 1-1. ' o :

The ages of specific geologin deposits are of interest to the project
“hecatise the dates provide the weans of (1) assessing the timing, rate, and
recurrence of geologic processes and climatic events that have ocecurred during
tluaternary time; and (2) addressing the potential elfeet of future geologic
and climatic changes on the integrity of an underground high-tevel nuclear

- wWaste repogitory during its lifetime, Specific geolepgic processes include
badrock incision and scarp relreat; and crosional, depositional, and hydro-
logic changes that occur during glacial-intergiacial eycles. Age data are
also used to evaluale the tecctonic stability and salt dissolution history of
an area, and the getlivity of fawlts in the viceinity of the potentially
acceptable repositary site, '

o1 TECHNIQUES FOR PROVERLNG AGE CONTROL

The peolopic dating propram developed Cor the Paradox Basin studies
Lheorporated a phased approsch thab included an initial evaluation of each
toghnique to assess. ks uselulness Lo the Paradoxr Basin sebtbting. To assess
the accuracy of the various technigques, initial samples submitted for dat-
g were those fov whieh the approximale age or relabive ages were koowin.
Additionally, to test the validity of the aates derived by various wetheds,

samples Crom -one or more locablons were dated by a number-ol teelinigues ,- such -

as radiocarbon (M), thermoluminescence (11.), ant amino acid analyses; and
meanurepant of sotl carbonate,  When the results of o specific technique
apuearsd reasonable, additional samples of unknown apge were submitted For dat-
iogg By Ehat method,  The geologic setting and history of the dated sample were
reviewed before the chtained date was Judved valid,

Some of the age dating buehniques listed in Table 4-1 have beon ased
extensively in tho scientifie commupity and are general by considered ta bo
wall underslood and aceeptbed. However, suitable materdals, of maverialy of
tLhe applicaible age range are not always availakle ia bhe Parvedex Basin fov the
aore zeeeptud wzthods, so alternale dating approaches wirn corsidered, '
atternate teckhtrinues b wan reecnbly repotted Sn ko .literatura. but have.
not” been exbaisivaly dpplied. Section .1 of Lhe preport prosents (1) the
ciobasdsiendoregorted applieation af dating methode Lhat Wers sihsegien
i fhis crojest; {21 the derived data, (1) 4 discosaion of the nelifs dsed to o
svalunte the accurdey of derived age dava, and {4} an evaluation of the

réprodueibiiity of these results,  Section 4.2 comparvs dates darived by
cmulkipie techniygues in specifde geopraphionl areas.  The accuracy and

“
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Taaze L=t Paradox Basin
Potential, Age
Range (years)
O to Tertiary time
Frlynolicgy cnvirsrmenc Facllen 9 to 150,000,
Voleoanic ash “More Lhan O
Hennrashronalegy frmsnl ring Trowth Wood ¢ to 9,000 -
¢ trees S
Scurees: . Colman and Fieres [7§77,; Packer et al., (7875).




dPU[lLﬂbJ]LEj of" thp various melhods, and recommendations tovardln? th01r tse
in future Quauﬂr ary utUleH JPO summdrlzed in Sectlon H 34

TH 101 pedogencsis

The degree of so0i! development on Quaternarvy deposits provides a means
of assegsing the length of tLime since o stable geomorphic surface developed
on the deposits. Pedogenesis {(soil development) cccurs as a result of
{1} in situ chemical weathering of wineval grains, {2) colian influx of
dugt-size partieles, and (3) downward transloeation and gecumulation of mate-

rials by repeated wetting and drying. of thesoil~column (Jenny,~1980; McFadden =~ -

‘and Wells, 1985). - s thesc processes proceed, soil horizons with distinet
physiecal and chemical propertics develop (Figure U-1), Many soil properties
erhibit progreasive development witn age and are therefore useful indicators
of' the relative age of the underlying parent material (Marchand et al,, 1979).
CTwo soil.properties that proved useful in correlating Quateirniry deposits in
the Paradox Basin are the aceumulation of carhonate deCOg) in 50il prafiles,
and the buildup of elay in the B scil horizens., However, because the B
horizons of many soils in the Paradox Basin have apparently been removed by
erosion, the accumulaticn of JaC0y in soil proliles has been a more reliable
property for conparing soil development For the Paradex Basin studies

Beth the morphology aid the content of pedogenic carbonate in a soll
column show progressive changes with time (Gile and Grossman, 19793 Bachman
and Machette, 1977 Machette, 1978). Many investigators (Cardner, 1972
Lattwan, 19735 CGile, 197%; ¥achette et al,, 19/6) have demonstrated that wind-
bBlown dust is the principal source of pedogenic carbonate in areas of noncal-
caraous bedrock in the southwestern United States. The carbonate conktent of a
soibl therefore reflects the amounl ol time that the soll bas been at or near
the grount surface, assuming that the rate ol carbonate influx, extent of
leaching, and depree of soll erosion are relabively constant.  Bachman and
Machette (1977} and Shroba (IQT?) derined the seguential stages of carbonate
morpholopy used In this study (Table 1.2}, Morphologiral sequences of carbon-
ate development for depofity of Known zge in different regions of the soubh-
western Uniteo States aie shown on Figure 4.2,

The distribution of Calidy within a soll prolflle deper 3 on the texture of
the parent materizly therefora, visuoal comparisons of carbonate concentration
cr morphology may not accurately indicabe how much pedugenic carbonate is
present in the profile, or which profile has the greatest amount of Garbonate,
In order to obtain data that could be compared (or soild developed in dif-
[orent parent materials, samples were collected throughout the soil profile,
ad a luboratory measurement of the amount of soil carbonate present in each
sample was made, Thosge values were summed ot each profile and expressed as
the total mass of accumilated Cal03 present throughout each profile, This
caleutation considers Lhe bulk dcnulby of the depoyits. and griginal carbonatbe
content of the parent material,

{lse of pedogenic properties ta interpret soil ages in the Southwesb iy
dopendent on the soll molsture,. temperatire regimes, and cavbonate Influy
rates,. Soil classificatlon by tne Soll. Conservation Service-utilizes sail

“meiskure and temperature, dara, Hh??bdﬁ_thﬂ key variable in caleulating the agel”
of ‘a calele seil is the rito-at which carbonate dust | Falis on . the ground. -~
-:qurrnuﬁ'dnd L accumulﬁLLd in the seit proCile, S
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Cca

Gr

A harizon

Zone where organic matter -accumulates,
A horizons are typically thin and light-
colored because of sparse vegetation.

Vesicular structure commoen to

v
- ._desmt.fsoii..ii-"f.}'—-— Ll
B horizon  Zone where clay accumulates by trans:
location from ovt “lying horizons and
vy weathering in place,
Cambic B hovizons showing only slight buitdup
' ol clay and reddening ot parent malerial.
. Argillie . B haiizons (Bt) showing signifidant ¢lay:

" huildup and oriented elay Hlms on

grains or petl surface.

In the field, B horizons commonly
show blocky structure, which results
“from breakng of soil into peds:during

dehydration.

Cea horizon

K harizon

Zone where transtocated calcium
carhonate asccumulates, Present in
all but very young desert soils,

Cea harizon containing » 50% contin
uous calcium carbonate.

Cemented zone

Cox horizon

s, §4

Zone that is more weathered than the
underlying parent material but lacks
the properties of A, B, or Cca horizons,

Accumulations of gypsum (i) o1 salts
{sa] in C horizon, :

Cr horizon

\l‘funt_herod-hedroék undetbying soii,

Souive: Birkeland, 1984
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Table 4-2. Mafphologic Stages of Carbonate Accumulation in Soils

Gravelly Parent Material  Nongravelly Parent Material

Bachman and Machette (1§77); Shroba (1977); Machette (1985).

I Sparse to cemmorn, thin, discontinuous Sparse to common {ilaments in soilj; plakeq
coatings on clasts, usually on undersides or ccatings on sand grains or pad taces
Iﬁ Continucus, thin to thick coatings on : Few to commen Poduleb, nodu;e& are soft
tops and undersides of ciasts; some 0.5 em to 4 om (0.2 to 1.6 in) ln dlameter'
interclast fillings; matrix somewhat matrix slightly whi tefed
: whitened
11 Cantinuous :1terpebhle fillings; cemented Many coaleseec nodulss: matrix is.
‘ and plugged horizons in advanced form moderately cemented
pA s Laminar borizon, <0.2 em to 1 om (0.07 to 0.4 inj thick averlying bl gge
norizon. Cemented platy to weak tabular suructure and 1ﬂd4waped lam*nae Em
horizeon is 0.8 to T m (1.5 to 3 ft} thiek:
v Thiek {»1 em [0.4 in}) laminar horizon overlying p71ggﬂc hor;zon--imbipient
brececiation and pisolite developmenz. Indurated and dense, strong pia” Lo
tabular structure. Km horizon is 1 to 2 m {3 to 6‘ft) tnlck .
. V; Strong brecciation and pisolite developmert. ultiple generaticn Qfﬁlamihae,
i brececiz, and pisolites; recemented. bu;rated zrd dense, thick, stirong,
tabular structure. Km horizon is commoniy »2 m {6 ft) thick. ‘
SQurces:




described ir Table 4-2

Source: Machetie, 1985
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Sl b At Sort Moisture mand Temperature tofititions™ - 7

" The temporature and moisture regimes assighed to sites -in southeastern
Utah by the Soil Conservation Service have seen used Lo-olassifyrusdil series
. in tha Canyonlands area (Soil Survey-Statf, 1975, p. 412}, Aithough tempera-  ~
oturg.and moisture probes-have notbeen”ingtalled inthe Canyonldands arén, 8ol
U donditions have heen.estimabed. from weather:station reeords, site vegelation,
periodic measurements, und scil morphoiogy. Estimated annual precipitation at
" Jocations in the Paradox Basin where soil profile data have been collected by
Woodward-Clyde Consultants (WCC) is presented in Table 4-3. 1 more detailed
discussion of present and past climatic conditions Is given in Chapter 2.0,

Table h-3. Estimated dnnual Precipitaticn at -
' Study Sites in the Parado¥ Basin

Average fAnnual -
Precipitation
Site L . . . nm in
- Terraces west of Green River 150 - 200 6 -3
RBartlett Wash : _ 150 - 200 : 6 -8
Spanist Valley torraces o 200 - 305 o g - 12
Amasas Back, Spanish Valley' o 305 - 355 12 - 14
Indian Creek terraces, Gibson Dome _ 200.— 250 g8 . 10
ER-t drill site 250 - 305 10 - 12
Dry Wash, Elk Ridge Area 250. - 305 o o -12
Wnite Mesa eollan deposits 250 - 308 10 - 12
Gravel pediments, Blanding area 305 - 405 _ 12 - 16
Gravel pediwents, Monticello o 305 - 405 BT

frcas Jower than approximately 1,528 ni (5,000 L) above mean sca level
(MS1.) in the Canyonlands region have a typical aridic meisture roegime. The
0.5, Department of fgriculture (Soil Survey 3taff, 1975, pp. S1-67) classilies
-aridic soils as being dry {countaining less than 15-bar water) tor morg than _
180- days each year and never maist (contdining mere than 19-bar water) for as
long as 90 consecutive days per year. Areas between approximately 1,520 to
2,225 m (5,000 to 7,300 ft) MSL have ustollic aridic moisture regimes. These
areas are more moist than lower regions but

86
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less moist than: Lhose ot the-ustic -



regines, SOLl mOLUture condltlons Ly areas, ‘From appxoxlmately 2,225 ta

2,317 m (7,300 to 7,800 £t) M3L are ¢classified as.ustic. - These soils are dry -

for 50 Lo 180 days oach year, aing réemain molat'FOr more rhar 40 COHbPCUt]VP o
ff'dayb and/or for more knan 180 CUmUlnLlVo dlj“ “? yowr .

[n"aII areas- beluh xf least 2 380 m (? 800 ‘t) MSLT;precrpitation ar;

“stofed sall moisture rogetne1 are Le than summner evapotranspiration. Little
or no leaching oceurs in soils with aridic molsture regimes, as evidenced by
the presence of soluble salts in the soil profiles. Limited leaching occurs
in areas having ustic moisture regimes, bub CaCOz ecan still accumulate in the
501l profite. The thick and sometimes strongly cemented layers of earbonate
acctmilation ohserved in aridic landscapes are probably in relict landforms,

. and probably developed during a perind when more soll watcr was available for
hoth teaching of seluble sails from surface soil-norizons and the concomitant’
‘accumulation of earbonate in subsoil horizons.

Mest portlons of southeastern Utah below approximately 2,286 m (7,500 t)

MSL possess a mesie temperature regime (Soil Survey 3talf, 197%,.p. 63).. The

~mean anrual soil temperatdre for this regime is defined as between 8 and 19°C
{46 and 59°F), with summer and winter temperatures at 50 em {20 in) depth
differing hy more than 5°C (9°F}. localized areas ateng the Colorado River
ganyon have soils with thermic temperature regimes, characterized by mean
annual soil temperatures between 19 to 17°C (59 to 63°F), and summer and
Winter temperatures at 50 em (20 in) depth differing by more than 5°C (9°F)
{Lammers, .1983). - :

4,1.1.2 Carhonate Influy

kolian dust ang dissolved caleium in rainwater are probahly the major
suppligrs of CalDy to soll profiles in the southwestern United 3tates (Glle
and Grossman, 1979; Machette, 198531, 'The rate of caleic soil development is
therefore dependent on the long~term influx rate of airborne CaC0Ogz, which is
in turn dépendent on wind and preeipitation. The extent of exposed calcareous
deposits, such as {ake beds or limestone bedrock, also influences the amount
of airtiorne CaC0g deposited in downwind.areas. Enesent carhonate influx”

““rates, which are probably greater bhan long-term Quaternary influx rates

{Machette, 198%9), can provide a relative index of earbonate Influx rates in
different areas. ' ' :

No data concerning modern CaCOy Influx are available for southeastern
Utah, but influx data are availlable for areas in Mew Mexico and For the Beaver
area of southwestern Utah {Figure 4-2), Modern duqt fall in the vicinity of
Lag Cruces, New Mexico contiibutes 0.C2 to 0.04 g/em? of CaCly per 1,000 years
to the soil column (Glle and Grossman, 1979,; Machette, 1985}, The mean
annual precipitation of 200 wm (8 in) in that region contains sufficient
digsclved caleium to accumulate 0,15 to 0.2 g/om= of CaCOy in the soil column
per 1,000 years. These measured amounts of dissoived calcium concentrations
in rqinwarnt may be similar to. those of southeastern Utah (Junge and Werby,
1958, Figure T); however, local scurces of caleareous dust may he more abun-
dant in the Las Cruces area (Machettc, 1985),

s ~The-pate. at-uhich carbonabe dedutlatos in a soil profile is controlled
by the rateatb which calcium ions (Ca**}-afe-supplied “to” the ground surface,

8y



"T~Flgure L2 Larbonate accumulatipu

and by the amount of rainfall available to.move these icns.down inte.the soil.
If rainfall is too great relavive to the Ca** supply, LaL05 ig leached [rom-
the soll. . Based on present. data, climatic conditions: in the Pdrddux Basin are
Comost similar te the Albuquerque and San AOaLId st udy areas of Machette . {1985,

Lesins oathcaqtnrr ‘Utah would" rhn"be_,
'expectﬂu to be.similar Lo those.areas. and 1oss rapid:-than: those in the Ros--
Well, New Mexico area, where limestone-rich alluvium provides an additional
source of CaCGq. However, because ralnwater in southeastern Utah may be nore
enriched in ealcium than in the Albuquerque area {(Junge and Werby, 1958),
accumulation rates could be more rapid in the Paradox Basin. Soiis in the
vicinity of Monticello, which has a higher rainfall than topographically lower
parts of the study region, have c¢limatic conditions most similar to the Beaver
study area of Machette (1985, Tahlas 2.

4,1.1.3 Sampling and Laboratory Procedures

.. .The .procedures flor . field sampling of soil profiles and-laboratory analy-
sig of soll properties are described in WCC (1082b; 1962¢) and summarized
below., The soil exposure of interest is described in the {ield, and samplos
are collected for laberatory analyses, Particle size data arc derived by wet-
sand sieving a sainple split, and by hydrometer analysis. The moisture factor
and bulk density values are alsc measured for all samples from profiles Ffor
which CaCO3z centent is to be calculated. Carbonate content of [ine-grained
samples is determined with a calcimetear; an acid neutralization method ig used
for coarse- gralned samples.

PreLreaLments were applied fo a limited number of 3amplea in the initial
phase of laboratory analysis to assess the necessity of removing organic mabe-
rial and manganese o¥ide, silica cement, iron oxides, and CaCOg prior to the
particle size analysis. The resultz of these tests indicated that only CalCls
had any significant aggregatory effect, even after dispersion; tharefore, all
samples were subsequently prelreated to” remove aCO3z prior to particle size
analyses,

4,1.1. 4 Results

The apparent usefulnens of caleic 30i) development [or age assessments
was demongbrated (in an. early phase of the study, during which carbonate:
content in a multiple series of stremn terraces [n Spanish Valley, south of
Moab, was measured. The scil carbonatc dabts provided dates that were accept-
ably correlabive with the hypothesized age of the dep051ts, as established by
the glacial chronology developed by Riekmond (1962} in the nearby La Sal
Mountaing (NCF 1982a, Yol. I, pp. 3-11 to 3-16},

i Lota] of 35 s0il pronles were sampled and described 1n the Paradox
CBaxin in Utah fer the Quaternary-studies: The accumulation of Call3 was
naleuwlated for a)l profiles (Table 4-4), and pdtrtcle size analyses were
rompleted for 23 of these aites (Table i-1).  The laborabory analyses were
conducted by Nclson Laborahortes, Stoclkton, California, '

: The, 10?1L10H5 Ph@‘” &oll atnonato has heen _measured are shown. on. S
3F1gurv 1—1 thorp;craflon of thP 11t0r1t01y 5011» data to: Spanish ' Vedlley,

38,



Table h-4. Soil Carbonate Data

- (Page 1 of 3}

lLocality.

3

3

T See, 161

Pad,

C&CO?

”Est.'ﬂge(a)'

IqlT

111

10-m terrace

Location Deposit (g/om3) (21,000 years)
T25S, R16E,  Alluvial gravel 102 400 - 680
Sec, 11-1 Green River terrace : -
T26S, R22E,  Alluvial gravel 61 205 - o5
Bee, Ty Placer Creek SR
Rebs, R228, Folian deposit 1.8 7 - 12
See, 22-1 Gold Basin
7295, RIGE, Ebjian deposit _ iil ~730
See. 8-1 Antelope Valley {average)

1278, R23E,  Alluvial gravel - 182 730

Sea. 5-2 Older Harpole Mesa

T293, R23E,. Alluvial gravel 37 150 - 244
2ec, 16-1 Younger Placcr Creaek : :
T278, R23B,  Alluvial gravel 9 35 - 60
See. t7-1 - Younger Beaver Basin

T275, RE3E, Alluvial pravel 36 145 ~ 240
See, 18-1 Older Placer Creek

1275, R23B,  Alluvial gravel 7 30 - 15
Sec. 182 Dider Beaver Basin

T27s, R23E,  Alluvial gravel 38 " 180 - 255
Sen, 20-1 Older Placer Creeck

1295, R2IE, Alluvial pravel 29 115 - 195
Seo, 22«1 Middle Harpole Mesa

1298, R23E,  Alluvial gravel - 41 165 - 275
Sec, 28-1 Middle Harpele Mesa

7308, RP1E,  Alluvial gravel 16 65 - 105
Sea. 1067 Indian Creek, B-m terrace

T308, RAE,  Alluvial gravel T 30 . U5
Sec. 16-8 [ndian Creek, 10-m Lerrace

1308, w2k, Alluvial gravel 9 35 - 60




A{Page 2 of 3}

‘Table H-#4. Soil Carbonate Data

Ped, CaCo

CEst. Fotal

Est. age(a)

et 305

ER=1Slto .

- {b)

‘Locality Location Depasit (g/em3) {(x1,000 years)
35 1308, R21E,  Alluvial gravel 31 125 - 205
Sea. 16-5 Indian Creek, 12-m terrace
=36 “'T305,NR2iEr. Mluvial gravel.: co 10 Flg ey
N Sec. 16-4 Indian Creek, 12-m terrace
37 T305, R21E, Alluvial gravel 15 6¢ - 100
' See. 16-3° Indian Creek, 20-m Lerrace
38 T30S, R21E,  Alluvial gravel 11 45 - 715
Sec, 16-2 Indian Creek, 20-m Larrace ‘
39 T30S, R21E,  Alluvial gravel 30 120 - 200
Sec. 16-1 Indian Creek, 32-m terrace \
ho T31S, R18E, Eolian deposit 29 - 1158 - 19%
Sec. 9-1 The Grabeng .
I 1318, R18E, Fine-grained alluyium 17 70 - 115
Sec, 11-1 The Grabens
46 T35, R21E Bolian deposit 1.6 b - 17
Seg, 11-] The Island
503 7338, R2UE,  Alluvial gravel 117 870 - R0
See. 32-1 Monticello gravel pit
55 T365, R22E,  Alluvial gravel 220 BOO - 1,465
Sec, 241 Blanding graval pit C{>130)
67, 62 13iS, KI9E, Eolian deposit 18 70 - 120
-(combined) Sea, 30-t%,0 FR-1 Site :
58 T37S, RI9E,  Eolian deposit 14 55 - 95
: Hae, 30-2 ER-1 Site =
59 T3715, RiQE,  folian deposit. {b) (b}
Sec, 30-3 ER-1. Site
60 13¢5, RIOE, . Eolian deposil - (b) (b)
: Sco. 30-% 7 ER-1 Site
b L3718, RIGE -+ - Bollan-depoult -

) e
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Table 4-N; Soil Carbonate Data-
. {Page-3.0f 3) - :

= Est’ Total .

: Ped. a0y  Est, agefd)
Locality Location Deposit : {g/em3) (x1,000 years)
66 T37S, R20E, [Follan deposit 29 15 - 195
Sec. 31-1 Dry Wash ’
71 TATS; R22E, UEollan depasit W 55- 95
Sec. 32-i White Mesa
(7 375, RP2E, Eolian deposit - 3y ' 335 - 560
Sec, 33-1 Whitec Mesa : '
82 T39S, R21E,  beolian deposit = C 193 770 ~ 1,285
: Sec, 24-1 Mo Man's Island ' '

{a} Age estimzte based on a carbonate accumulablon rate of 0.15 o
0.25 g/cm?/1,000 years, Deposits with an estimated age of wore than
730,000 yecars have reversed paleomagnetic signatures,

(b) No significant pedogenic carbonate has accumulated in these profiles. -

an area west obf the Green River, and the Gibzon Dome study area was reported
by WCC (1982a, Vols, I, II, and V), Since publication-of the 1982 repork,
laboratory data have been received for seven additional soil profiles
developed in eolian deposits in the Elk Ridge arca and on White Mesa near
Blanding, From threas sites in gravel-depogits derived - from the fbd jo
Mountains, Crom one gravel site in Spanish Valley, and from tWwe soil proliles
desaeribed in bthe Grabens area, 'The pedogenic carbonabe conlent in gravel
terraces in the Gibson Dome arem was also reealeulated,  These hew and
recaleulated laboratory results are predested in Section 4.2 Soil data Crom
the Grabens area are discussed in Seobioh 3.2. The remaining sites are
digcussed in Section H,2,

Te pbe uscful as a dabing technique, the rate ol carbenabe influx LuLu an
area needs to be determined, Approximations of these rales can be derived by
measuring thé soll carbonate accumuiated in deposits For whilch age control is
avallable, The cuphasis in the Parador Basin sbudy has beer on determining
long-term rates (Seetion N.1.9.4,1), . More reccnt]y Machetbe (1985} has
recognized Che apparent variability beLNGOn lung cerin and Holocene ratey
(Section 4.%,1,4,2),
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considered to be maximum borau 16 Lho eracl ages of Lhe depos LLu are not

known; however, they are at Yeast 730,000 years old, X wnich represents the .end

of- Lhe ‘reveraed Matuyama’ palzomagpelic . epoch (Mnnklnnn and Dalrymple, 1979},
A mazimimoeate of 0.25-p/oms 1 000 years:Was ecalculated for the Spanish
“Valley.area nzar Moalh_ (Locallfy B 15 g em /1,060 ¥ ~ Lhe:Green . -
River-area-west-ofl: Moab {Lacatiby 12y, ﬂ98?a, P URIEY AN
0,30 4/ewe/1,000 yoars for the gravel deposits near B!umding {Localiby 55)
(SPLMLU” y.2.3.25. : '

Deposits considered to be correiative on the basis of thelr btopo-
graphic or geomorphic setting, or their caleie soil develeopment, but where
no palecmagnetic studies were done, have yielded mazimun CaCOy accum-
nlation rates of 0.172 g/em/1,000 der‘ (White Mesa near 1Fand1ng,_Local—
ity 72)% 0.4 g/ein®/ 1,000 years (Green River Lortace, Locality 3): and -

0.26 g/om‘fi 00 years {(No Man's lsland, southwest of Blanding, LooaliLy 82)
(1able b-5). Solil prefiles at a]l of* these gites demonstrate the well-
developed (sometimes multiple) calciec seils thalb are charactoriatic of early
Mleistocene depoult Although thase caloeulabted maximum Influx tates assume
an ugc of 730,000 years [or the pdlﬂuquHPLlPdilj reversed or coprrelative
dopasi ta, it is very likely that the deposits are much olaer, ag indleabed by
their wigh topographic positions above present stream lovels, The reversed
polarlty_moabured in the depn&i‘s may represent the Gilbert reversed epoch,
which lusted from 5.1 te 3.3 million years ago (Mankinen and Dalrymple, 19793).
However, for tne purposes of Paradox Basin Quaternary studies, the younger
reversed age ls assumed i order to provide the maximum conservalism in
caleulating the rates at which goomorphin processes have been cesurring
during Quaternary time, : '

A Fisher Valley, 29 km (18 mi} east of Moab, earbonate nilux
rates caleulated by the U, S, Geologieal Survey (USGS) represent the oest
data available lor southeastern Utah beeaise of the age control on bhe
measured ,equvus "t this location, a earbonate accumulation rate of
D15 g/om? /1,000 jCﬂPG was ealeulated Cor the Quabernary seruences that
overlio two datums! the Lava Croek Ash, with an assumed age of 610,000 years
bhefore rrﬂ”’nb {(BPY (lzelb, 1981); and Lhe Bruines-Matuyama paleomagnebic
reversal, dated ab 730,000 years 86 {Colman, 1983}, . Several unconformibicy
“ocour w1Lh1n the sequenee) therefore, the acbtual long-term aceumulation rate
may be somewhat higher beeause the siposura msy net represent g full
deposiblonnl sequence, :

The Fisher Valley carhonate aconmilation rates are squivalent to the
Lower rates caloulated Cor this project (T=hle 4.5}, Because bthe variations
caused by elimatic conditions, erosion, or tee age of the depesit cannot be
differchtiated with the present data, age estimabes reporbed herein using soil
carhonate data arve edpressed as o ranpge, Considering the caleulatued inlluy
rates discussed above and proscnted in Table U-%, an estimated carbonate

# Maxianim carbonato 1uFWUA rdLDJ of 10 to 0,26 g/cmH/W,OOO years reported
by WCC (1982a, Yols, I and 1) were ha“od on Lhe nsuumptiun that the last
paleamcgretically reversed epoch ended F00,000 years ago, In thig veport, phg
end ol Thie Ma Buyadia” reversed eioehT is Auuumﬂd'bb e 730,000 years apo

S (Mank inen and. Daleymple, F1979) Tas T rasu by tnﬁ valonlnt o mazinune cnrbo-_
Soobite il bueicate devrenzes to Q008 1 0,25 r/‘m'/W 10O j”dla.
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influx rdte ranplng from 0 15 £o 0 2 r/em/ 1,000 years has been used in Lhis
report for czleulating the age of dep051ts exnibiting ealcic soil development,
Appiication of the Fisher Valley data to the ape caledlations would rcgult in-- -
‘the older of the age estimates reported hercin. .. . . oo

W.9.000.2 tolocene Carbopate ficcumglation Rates. Workers in bhe Las
Cruces, New Mexico, arca of the Southwest have reported that carbonate accumu-
lation rates computed for Holocene and latest Pleistoecnc {<18,000-year-old)
soils are higher than rates computed For HOle on older deposics (Machette,
1985}, Data tha“ they derived from seven Holocene soils yield a mean accumu-
latinn rate of 0,4§ z/em?/1,000 vears; ,hv pedopenlc carbonate accumulation
rate in five latost Pl@5 toccno soils is 0,43 gremd/ 1,000 years, Their dava .
for elder soils (pre-latest “lGJbbovfno Lo Parly ‘Pleistocens) indlicate mean
acenmmUation rates of 0.21 Lo 0.29 g/ame 1,000 years, i.e., approximately
one-halfl to fwo-thirvds of the younger ra?ea.

Durlnp this loradox Basin study, one late-ilolocene rate of
39 g/on? /1,000 yoars was caleuilabed ab Loealiby 7 in Spanish Valley
by using a PadLOLdIbOH date of 1,28045% ysars BP as a control (WCC, 1982a,
Yol, [, p. 3-12), This accumilation rate s higher than the Las Cruces data
for young deposits. A much higher rate of 3.8% gs/em?/1,000 years was derived
From eolian deposits overlying a charcoal layer dated at 430110 years BP at
Locality U6, '

Machette (1988) related the larpge apparent temporal variation in car-
bonate accumulalion rates to climatic control, Machetbe's model called
for long, {120 00C-year) intervals of -low carbonate accumulation (approximately
0,25 glem /1,600 years) during pluvial conditions, interrupted by short
(10,0WU yuar) intervals of high Cat0y accumulation (0.5 g/om”/1,000 years)
during intecpluvial climates. The high Holocene acounulation rates are inter-
preted to be a function of the present interpluvial stage.

4.1, 1.4.3 Composite Rates, Discussion of tho estimated ages of
deposits bt sod on pedogenice character 1 previous WCC preports was based on a
caletlated tong-ter inflnx vate of 0,16 to 0,26 g/em”/1,000 years (WCC

19824, Yels, 1, 11, and V). 1n this raport, a long-term influg rate of 0,15
to 0.2% g/em”/ 1,000 years iy used {seu foothote in Section 4.1.1, U.1) In
some of tho discussions in this roport, however, the possibility of a higher
infiux pate during Hologene Lime has been considered in th=e age calceulation
(Seetion 3.2.2.1). [F the influx rate of the last 18, OOG years is assumed Lo
be 0,47 p/vaxl 000 years instead of 9,15 ti 0,25 b/cm /1,000 yearu, the
composite age coleulation veduces the estimabed ape range of deposits by
000 bo 36,000 years, S

Io1o1.5 Means Lo Aasess decuracy of Resulls

The evaluation of the accuracy of age estimates based on soil earbonate
ageumilitlon rates has been diffioult because of the lack of other dating
techniques that are applicable te the derived aze rappes shewn i Table .4
The gual ktative wethods tAat have bezn most commonly applied are strabi-
sofbaphoe/geatiorphic reasonablencisy togagraphic asd unologic  astting | and, fop " )

.[-J.“ -




“the older débcbitu; paloomégnétic polarity. OF the quantitative dating
methods that could potervially be used to evaluate the calcic soil ages

" radivearpon dating and amino acid. ana]yuLs are useful for avaluating 5011

.. carbonate ages derived from young (<35,000-year-old) deposits; utanLum—ucr1éé'ﬂ-
(U-meries). and TL dating .can_he used foz depoul -up-to-approximately “t50, 00007
Tlyears otd (and potentla]}y older}i.  "Althotgh uC dating iz -considered the most

_Tarcuitate of the cvaluation method&, almost. all of the rudiccarbon materials

collected thus far on this project are less than 10,000 years old, and the
caleic soils of interest have formed on deposits that range in estimated -ge
Prom 10,000 to »>1 million yeara. [n the Paradox Basin study, only TL analyses
have been used to quantitatively assess the derived calcid soll ages. How-
ever, because of bthe newness of this dating method (Section N.1.3}, Accuracy

. assessments based only on the comparison of soil data with ThL dates rémain-

- open Lo guéstion, " Compariszon of the. caleie soil data and the TL dates fop
specific areas is presented in Section 4.1,3,

Y.1.1.6 Reproducibility of tesulls

) The reproduciblility of laboratory results was evaluated to assess tho
reliability of the derived data, particularly for crucial samples, and to
sabisfy quality assurance reguirements, Reproducibility can be verified hy
(1) submitting disguised duplicate samples to a laboratory, or (2) sending
spiits of a sample Lo two or mere facilities, For the pedologic studies, one
disguised duplicate sample was submitted for every 12 samples sent Lo the
labaratory for both particle size analysis and CaCOj measurements. Addi-
tionally, the laboratory arbltrarily reran one sample for approximately every
16 samples when measuring CaCly content.,

Values obtained for 22 samples rerun by the laboratory in the acid
reulralization analyses were 311 reproduced within 12 percent; 72 percent
of the data were reproduced within 5 percant. Values obtained for the five
disguised duplicale samples were less reproducible,  The result for one of the
five samples was reproduced within 5 percent; reproduced values for the others
varied [rom 20 to 60 percent from the original value, The reason {or these
discrepancies i3 net readily apparent, The carhonate content of tho disgulsed
duplicates is comparable to that of most laboratory-duplicated samples, and
therefore should not have been a Factor, There is no indication that the
laboratory made multiple runs on their seclected duplicates Lo obtain two
closely similar values. In general, reproducibility in both.evaluations’
decrearsd with'a deercase in carbeonate content ol o sample.

In the calcimeter analyses, 81 percent of the results from 47 samples
rerun by bthe laboratory were reproduued within % percent of the eriginal
value, and 971 percent of the values were reproduced within 10 percent.  Of Ghe
2U disgulsed samplas, 80 percent were also duplicated within 5 percent. For
saiples conbaining less than 1.9 percent carbonate, the second value varied
from the Cirst by ag much as 30 percent. - For the 271 samples conktaining wors
than 1.4 percent. CdCOa, 90 percent uf the-carbonate valwes were duptivated
within & thoenL
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- The 1

y,1.2 Carbon-1u
The 14C radioactive “isotope is produced in Lhe Barth's upper .atmosphere

: _durinE the hombardment of nitrogen<il by neutrons produced by cosmic rays..
C_atoms.:are: incorporated..intc. carbon- leXLdP maletitles -which-in-—-turn:

Semix throughout " She ‘hydrosphere did "atmosphere, A steady-atate ﬁqulllbrlum is
-maintained between the radioactive and nonradicactive carbon atoms, and Vig ig

continuously absorbed by plants and animals while they dare alive. When the
organism dies the absorption stops, and the activity of LT tegins to decline
through radioactive decay.

In conventional radiocarbon dating technigues, a date is derived by
measuring the radiocactivity of the sample. This technlqpe assumes thai the
‘production of 8¢ is constant, as is the global 12¢/1VC ratio, and ihab when
the organism dies, e is not preferentially added or removed. Tn sectuality,
the radiocarbon content of the atmospherc has varied through time and can be
affected by Fluctuwalions in the Earth's magnetic field, the burning of fossil
fuels, testing of atomic bombs, and the operation of nuslear reactors.
Corrections have been calculated Tor the last 8,000 years, for which the
d“ndPO“nﬁ0ﬂ010glC record is available; however, variatlons that occurred
before 8,300 years ago are much aore difficult to neasure, hoth in terms of
duration and magnitude (Faure, 1977). ' : o

Pespite those potential problems, the e dating method is considered to
be a reliable measure of time for the last 39,000 to 40,000 years, and is
widely accepted in the geologic community. Through careful construetion, use,
and insulation of a laboratory facility; or by the use of a cyelotron or a
tandem accelerator Lo directly count e atoms, the upper limit for reliable
dates has been extended to 70,000 years '

b.1,2.1 Sampling Procedures

Materials collected for 14 . dating during this project include charcoal,
chareoal digseminated in soil, land snail shells, and a mammoth tusk. Care
was taken not bo handle tna.,dmples,with,bare-hands; the-material -was removed
from the natural settiag with a Lrowel or mebal knife and placed directly in
new gluminum foil. If the sample was moist, it was dried prior to storage op
bhlpplng to prevhnt formation of mold, : S

A samrLe submlbtod for datlng bj uonventLonaL i“P tcchnlque ahould
consist of at least a cupful (approximately 240 em?) of chareeal in order to
obtain sul'ficient carbon after burning, and to provide an accurate date with
small standard deviatlons, The primary advantage of new e methods, which
dse an accelerator ob a cyc¢lotron, is that samples of very small size (approx-
imately 15 mg [approxim~tely 30 emd or hall a teaspoonfull) can be dated,
Because a cyclobron or accelerator dating facility was not available on a

ccommercial basis al the time when Paradon field studies Were in progress, the
radiovarbon dating -wag done by convetitiona! techniques.. ' '

4.1.2.2  Laboratory Procedures

& tetal of b Hamplas coliected For radiccarbon dating wersz of syffi-
cient mize Lo bé conventionally dabed, Thuse were analyZed by the Dicarb .
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RddLUISOtODG Compqny Norinan, Oklahoma, and by Beta finalytical, Incorporated,

Coral Gables, Florida, using Lhe LLQULG seintillation meothed. One additional

sample Was dated at the University of Arizona, Tucsen, to assess theé accuracy

of a date DTOVLGuuly obtained from .aneother facility. .In.a liguid scintilla-

~.tion process.,.the-sample -is-burned -and the carbon diexide- that is-given-off-is
Ceanverted E0 Iiquid Thenzene. . The aclivity of the radiocarbon-in the gas-is

then counted in a liquid SﬂlnLlllatLOH spectrometer.

T:anty-?ive additional samples that were %too small in size to be dated at
the faciltities described were submitted to Lhe Radiccarbon Dating Laboratory
at Washington State University in Pnllman, Washington. This lahoratory has a
scaled-down version of the iHg counting Lubes commonly used and can date
samples that contain as Little as 30 wmg (0,001 oz) of carbon. Theoy conhverg
TLhe tarbon dioxide to methans rather than benzene and shelve the sample for
sufficient time to remove the possible contaminating eff2ct of radon. The
activity is then counted aon a methane gas proportional ccunting tube.

Dates for two of the small samples were calculated using the barium
hydnox;de precess.  In- this process, the sample 15 pretreated as per the more
conventional methods, and then combusted in a furnace that has an oxygen-
enrlched atmosphere.  ‘The gas is passzed through potassium permanganakte and
into a bettle containing a known amount of barium hydroxide, where the carbon
dioxide gas reacts with the barium hydroxide to form a barium carbonate
precipitate. The precipitate is liltered off', dried, and weighed, and the
welight of carbon caleulated. Carbon diexide gas is released again by reacting
the barium carbonate with phospitoric acid, and is counted in a detector
diluted up to pressure. The age of the sample is ealculatbed based en the
weight of carbon in Lhe sample and the disintegrations per minute of the
sample gas. -

Y.,1.2.3 Means to Assass fAccuracy of Resulbs

The aceuracy of the radiccarbon dates can be evaluated by . (i) comparing
dates obtained from a stratigraphic sequence ab one locality, {2} comparing
ages -of units known to be correlative, (3} comparing tha dates with data. -
derived by other dating techniques, and {4#) running dupliecate analyses on
samples., The accuracy of e dates derived Prom debeis colloeted Trom pack
rat middens is assessed by comparing plant assemblages found in the dated
middeon with -those -reported elseuwherc in the area for that-'time peried,  The-
stratigraphic detalls lor radiocaibon samples are presented in Table 1-1.

They are discussed in Chaplers 2,0 and 3.0 for the Canyonlands and the Needles
Fault zone,. respectively, and are addressed Ln Section H.2 for other locations
in the Paradox Basin study area.

g.1.2.4 Reasults

Because of its acceplance by the scientific community, radiocarbon dating
was used to calibrate and evaluate olher datving processes whenever possible in
the Paradox Basin study. For example, radiccarbon data were used to verifly
PJIOHLQﬂpﬂrdtU!n asstmptions in the amino acid analyses of snail shells (See=_ .

CTURni T ) and TU sampies were eollected at soveral locailting here Mo

N
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dates were avallable to evaluate the accuracy of the derived TL dates. How-
ever, tha reliability of the derived radiccarbon dates was still evaluated to
the oxtent possible with:the approach given in Section-#.1.2,3. Whare the-
radiocarbon data wers assessed to be Jtratlgraphlcallv unreasonable, and other
. chrencloglc data: appeated. mere-aceurate for-a: part1cular setting :&C data

"w—wﬂre judged to be In error.

The radiocarbon data include 46 dates derived for geologic deposits and
21 dates derived for material colleczted from pack rat middens (Table 4-6).
Most of the gevlogic dates were derived from charceal collected from fine-
grained alluvial and egolian deposits; 2 few samples consisted of organic flood
debris, wood, land snail shells, and tusk material. Of these materials, the
organic Flooo debris is likely to vield the most accurate dates because such -
- material -has probably not been feworked from an older depcsit, the nmple is’
commonly of sufFicient size preferred for laboratory analysis, and it repre-
sents a unigue Insgtant in time.

The dates derived fron geologic deposits were all less than 13,000 years
BP, anc¢ agree wWith the Holocene Lo latest Pleistocene age estimated for the
depasits on the basis of theLr sedimentologic character and liack of scil
development., Mozt of the ¢ dates represent single samples collected
from an exposure; where more than one sample was collected, the dates are
usually stratigraphically consistent. Individual exposures con Szlt Creek
(Section 2.5) and in the Grabens (Section 3.2} were the most heavily sampled;
up to eight THe and TL samples were collected at any one location (Figures 2-6
and 3-11), These dates are all less than 5,000 years BP, Dates that do not
it into the chronologic sequence provided by thea bulk of the U data may
represent carbonaceous material reworked from older fluvial deposits, if the
date is too ¢ld; or may represent the remains of a charred root if the date is
Eoo young, Alternatively, analytical error could have been introduced by the
small size of many of the samples (Table #-0),

The pack rat middens yielded needles, branches, twigs, buds, seeds, and
pack rat dung pellets for dates that ranged from 1,820 to 12,770 years BP.
With one exception, all the radigcarbeon dates derived from the pack rat
middens werec assessed to be reasonable, . Two samples from Midden 8- at Allen
‘Canyon Cave {Locality 52) (Table 4-6) were run because the subalpine plant
assemblage found in the midden had not been reported elsewhere in the 3outh-
wesat in middens as young as 7,500 years BP, The second derived date of
10,140 years BP fit the regional paleoecological scenario, and was judzed to
be the more accurate of the two (Betancourt and Biggar, 1485).

4.1.2.5 Reproducibility of Results

The reproducibility of e dates derived during this- project wag assesscd
by submitbting disguised duplicates to the laboratory doing the analyses for
these particular samples, and by sending splits.of a sample. to one or ‘more
additinnal facilities, Suffic¢ient material was collected at @i sives For
d. Yicate or triplicate sampies (Table 4-7). From Locallty 52, a sscond pack
r- midden sample, having a different composition frem that of the firsi, dated

sample, was submitted to a se cond laboratory to cheek the date received from. ... .. ...

- “the- F1r9t FﬁCllLty
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Table L-6.  Radicearbson Dates Ootulnic From Quatortary Lepesits, Ssradox Has:in
(Fage 1 g 4

3ite {yr gp)ie Lat K. ie? Commengs O 3
;
2 ) = 370 BET&-2804 Fossil ivory lrammoth (2] tusk]. Very small szmple
produced a larger-vha suzl =tati al error.
: 2354000 () DlC-2ues Fossil lvory. 3Sample consisted o™ tusk seecbion chouest L
beed o &ninsl =
3 7 1,280 - 55 Lio=tehs Charecal, from Gold Basin Formalion,
t g H i :' gl TLand doeoris.
Salt TL2N Modern arenad . Jute

lo earbon.
Mo carben.”
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zdiocarbon Dates {btained From Qusternary Deposi‘s, Paradox Basin

(Puge 2 of H)

Carbon-14 Date

00t

Hart's Draw

Sive {yr z2){b} Lab No.(2) Comments(2}
Sec. 1, T303, R213-3 7,760 + 155 BIC~2062 Chargoal (rom burn iayer.
Lower Harts Draw :
Sec. 8§, T30S, R2IE-1- Modern DIC-154E Charcoal from burn layer.
Indian Creek
i1 Sec. 11, TI15, RIGE~T 103% Modern W3U-2746 COrganic debris; primarily chenopod seeds.
The Grabens!P/ 2,750 » 200483 WSU-2787 Charcooal. :
L= Sec."i'l,"{‘S!Sl RiBE=2 2,550 + 210 W3U-2797 Charcoal .
: The CGrabens(?)
Sec. 14, TZiS, RiBE-2 300 + 65 WSU-276€ QOrganic debris.
The Grabens(%! : 2,910 ¥ 690 W3Y- 276U Charcoal.
110% Modern WSU-2763 Wood {sagebrush).
2,700 + 220 WSU-2765 Charcoal.
Sec. 28, T315, RiBE-1 1024 Modern WaU-2745 Wood
Cross Lanyon, | 6,420 » 73000 WaU-270k Charcoal .
The Grabensi’s 1,020 + 520 Wsb-2768 Charcoal.
No date. WSU-2T769 "No Carbon."
See. 11, TS, H2IE-T 430 +« 110 DIC-1893 Charcoal layer . from eoclian
The Island deposits on top of 45 m (150 Fi} gravel terrace.
Sec. 1€, T325, B2IE-1,2 T20 + 550 BiC-1495 Charcoai, indicator age only; extremely smali
Cottonwood Creek sample. Date is not considered reliable.
1,270 +« 100 DIC-1557 Charcoal B
1,600 « 100 BIC-1H4G3 Charcoal .
Sea. 7, T328, R23E-T 5,760 + 55 DIC-1548 Charcoal .
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Table 4-8 Haglocaeson Dates Obtarneg From Quaternary Depobits, Faradox Bas oo
(Page 3 ol 4) -
R Carbon-14 late
Localiylal site {yp Bori¥) Lab Nao. (e} Sommenteld)
3z Sec. 27, T345, RRIE-1  {#1) 10,030 - 300 BETA-5760 Douglas fir néecles, wwigs, and buds.
: &llan Canyan Cave ta1} 8,660 - 14C BETA-5589 Douglas Tir wooc. )
' Pack rat middens(l: 10,030 = 10C DiC-z598 Duplicate of BETA-5589.
(#2) 7,200 x 90 BETA-5%86 Pack rat pellets. :
(#4) 1,820 + 3¢ BETA-STHE Pack rat pellets. ;
{#5) 3,000 « 70 BETA-5585 Pack rat pellers. i
{56 3,400 + EO AETA.5583 Pack rat pellevs, :
(#T} 11,310 + 200 BETA-5756 Lirper Ding necales.
i (#83 7,530 + 200 BETA-£5388 - Douglas fir ucedies, twigs, and buds.
10, 140+ 190 A—B‘?Q Pack rat poliets.
LY 13,070 = 7¢ EETA-9TLT Patw rat pellets.
56 Sec. 36, 7373, R1BE.1 8,100 + 345 LiC-2064 Charasal . :
' Kane Guleh :
53 Segc. 17, T37S, R20E-3 12,500 » 166400 BETA-4413 Snafi shells.
Comt Wash :
St Sec. 24, T375, R20=-1 410 + 80 BETA-UL 16 Charcoel .-
Comb Wasn
oF See. 31, T37S, R20E-3 2,380 » 90 3ETA=4413 fharcoal .
Drv Wash 9,489C¢ + g0 3ETA~44 1Y Chareozl disseminated in sol..
7,840 + 700 3ETA-6221 Duplicate of BETA-4814.
ao date w3U-2754 Duplicate of BETA-#414; insuflficient samplza,
6% See. 3, T37S, D21E-3 1,750 + 6C DIC-15849 Charcozl.
Cottonuoas Wash 3,070 + 325 DIC-1550 Charcoal.
78 $,550 = €0 DIC-2053 Charcoal:

Bec. 12, T333, ®20E-3
Male Canycn
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Tabiv.B-f

Ragroeurpun Dates Ootained from Quaternary beposits, Parador Basin

Papge 4 ool 4G
-1 Dat
Site (yr Bp}{D} Lap Ho. (o) Comme: it @)
A1 . b, TH9S, §2iE-: 151} 12,770 » 140 BETA~G 62 Limb reedles and seeds.
outh Cave! . (#2) 10,30 + B0 T Pack ets.
x rat micdeas!s) {ne; 3,340 « 290 BETA-5THe Doug b nzecles, twigs, end buds.
. [#3; iW,550 + 18¢ BETA~STRT dougl vonpecles, twigs, and buds.
(43 2,790 « 160 RETA-5758 Urah tulgs and seeds.
T 6,300 « 190 Utak Juniper twigs and seeds.
TEn) 9,702 = 110 dtah juniper Twigs and seegds.
fE5) 3,550 » b Utah jurizer twigs ane seeds.
rar) 3,740+ TO Jteh junips twigs and sdeds.
(ag) 2,260 + Q0 Jteh o juniuer twigs and seeds.

Lo e -1,
= Y a D is poSt- iU,
= Be: ., Soral Gahles, Flerids.
B g Compeny, Wormen, Oslahowa.
: University, Pullman, washington.
A = Universy izoaa, Tueson, &ritona.
See Table 3 onal informatiun on sStratigraphic setting and for

Her S -G, znad Flgere 2-9, for stratigrapole daza.
Driluted .

Date derives using the

ium hydrexide mathoc (Seotiom 4.1.2.2).

s
Ses Seetion 3.2, Ta 31 igares 3-8 and 3-31 for stratigrachie data.
sulty of pack ral study

= adjustod radiocarbon age.

ssed in Betancourt and Biggar (1985) and in Secticn 2.2 of
8¢ age = 12,060 + 150 yr 8P, 1307190 = 1,78 per mil.

is repore.




2 U-T, Resulls of Carbon-14 dndlyses on Disga.sed Duplicate Samples

. Lol
Comm -t sidd

Yleeality

Samples represented Zitflerent sections of mammoth (7)) tusk.

BETA reported that sample was of very small sizé; 2iC could abizin na
carbon trom burned szmplse. t :

12,380 - 370
F35,000 {7

it Sec. 17, 102% modern Chargeat, Eoth BETA ard DIC reporsed that th PG e 1G
na date catbon.  WSJ had no grobiem in obtaining suf or theg
no date sample Dor dating.- -
37 Sec. 17, 3 LTid - 260 WSU- 2809 Raot. :
, 1,750 ~ 70 WiU~-2810
- 29, Sex. 32. T30S. 586 « 130 DLC-204% Uharaoal . and DIC reported thal ShHelre Wt TSRl
o 1,680 + 230 2z resutting fn the large standird deviations. B |
e : 2,384 - 55 Diserepancies n cates probably due o i7homoge: DhGHLgiialt
; . sample. L
e see. £7, I348, R21E-1 D] GLEBU -« THU ETR-558Y I arasncn, split in N C .
10,030 » 100 DIC-2598 m fossil pack rat mrdoen. c
F#8) 7.330 + 200 BrTA-5583 ir needios, wigs, and buds,
"G, 140 + 130 R {4 peliets.

57 Sec, 30, T373, R20E-32 §,490 + 90 BETA-U4 T4 < ted in 1, 276 burned entiles

7,340 + 700 BETA-£221 separated churconl Urom sample prior to anzrysis.

i no date WSU-2758 fieiert chargosl for dating. P
BN , Cigure 3-1. [

2 @ 1950 4.l Modern’ is post-T19S0. R P

BETX e, Ine_, Florida. : :

uig aigotope ¥, Morman, Oklizhoma. ) : o : o

HEU Stzte Univers:ity, Pullman, Washington, : :

A of Arizona, Tieson, Arizona. .
la; See adeitional informatich on stratigraphic setting and for comparison of e dates w age zstimatas.




CL0FEhe Tesuits received to date [rom the seven samples submitted in
~dupligate. or triplicate, nene d=monstrated contemporaneiby within one standard
deviation (Table N-T7), However, within two standard deviations, duplicate:
dates were_obtained from Lecality &7 in Dry Wash; Midden 1 in.Allen Canyon
Cave, at Locality 52; and Locality 27 in Salt Creek. The lack of* reproduc:’

“fﬁfhftityﬁcould*have:been"CéU%ﬁdbef{ﬂ)?Eﬁéfshallwﬁiﬁémdfﬁtﬁéfééﬁﬁ[ééﬂdft@ﬁfm”[ﬂ

splitking; (2) inhomogeneities of the original sample and accentuabion of the
inhomogeneities in the split samples, or (3) hoth. Althovugh the dry weight of
a sample before shipment met the minimum weight requirement of the labora-
torics, the amount sometimes proved inadequate for subsequent analysis alter
burning. To avercome the problem of inhomogenelty, the samples should have
been thoroughly ground and mixen before splitting; the submitted samples had
not been homogenized in this manner.

§.1.3 Thermoluminescence Dating

The TL dating technlque was originally developed in the 1960s to date
pollery, and has -hecome an -wccepted method of dating archaeological artifaects
{Seeley, 1975). It has also been used to date older geclogic material, such
as limestones of Paleozoic age {Zeller et al., 1957}, and Hawallian basalts of
Tertiary age (May, 1977),

In the last 5 years, rescarchers have developed the means to measure the
TL signal of quart? and feldspar grains contained in Quaternary sedimants
{Wintle and Huntley, 1982). The method measures the amount of TL that has
acouniulated in the crystal lattice of mineral grains since the mineral was
last exposed to intense heal or light., The rate at which TL has accumilated
in the mineral, and hence the age of the material, is directly proportional to
the amount of radicactive impurities {(most commonly isotepes of uranium,
thorium, and potassium} present in the mineral and in the nearby environment,

The basis for applying Uhe Lechnique to sedimentary deposits is that
guposure Lo sunlight rapidly removes the signal from the mineral grains,
Therefore, if alluvial depesits are well exposed to sunlight prior to or at
deposition, TL would be removed Crom detrltal graing, and would start accumu-
lating again only aftér the materizl has been buried in depositional proces-
ses, In research done to date, TL dates having errors of +10 to 20 percent
have been obtained for homogeneous, linc-grained sediments such as leess and
gome marlne sedimenbts bhat are ltess than 50,000 years old and have heén dated
hy other means (Alpha fnalytie, inc., undated pamphlet),

1.3 Sampling Procedures

The samples ecllecked ror T1L dating prior Lo 1982 were Lo be analyzad
using procedures being developed by the USGS for TL dating of carbonate,
and hence of calele seils, However, the USGS program lost impetus, and Lhe
samplos were instead submitbed to Alpha Analybic, Ine., when 10 opened a com-
mereinl TL daling facility in 1982, Thig laberatory renoves Lhe carbonale in
bhe samplé and measures TL storsd in gilt-size guartz and Ueldspar graings,
which is the method reported by Wintle and Huntley (1982). Because the
—ogamples-goel leled prier to-19682 had-been- eolbcoted from seil horizons having
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maximum carbonate development, they were not always goilected from strati-
graphiv units having the most favorabie grain size for the procedures.used by
Alpha fnalytic, Inc,, or from a stratigrap‘ic position .that was most indi-
calive of the age of the Quaternary deposits of Interest.. For example,. the

.magimum carbonate content in.many soil- pPOfllOS ‘is-developed -in-eolidn-

depesits that overlie alluvial gravels. The édlian deposits were therefore
sampled because of their carbonate content, whereas dates for the underlying
Pletatocane gravel may have been of particular inferest to this study. At
gome sites, the calceie soil horizon may occur in a horizon where the younger
fine-grained material has filtercd down into a coarser gravel unit; the
derived dates are therefore an "average" of the two diffesrent ages for the
deposits because they reflect contributions from parent materials of' two ages,

Samples collected prior to 1982 wera taken rom freshly exposed surfaces
and stored in aluminum foil, During collcction the samples may have been
exposed to light for pericds of up to 3 or 4 minutes, However, this brief
gxposure would have had negligible effeet on the TL dates (Tamers, 1983},
Samples cellgeted in 1982 and later were derived from homogeneous- appearing .
sand or silt horizans by driving an opaque plastic film container inte a
freshly cxpos urface, while shielding the sample Crom exposure to lighk.

4.1.3.2 Lanratnry Frocedures

The TL content of the "glow curve" of a sample is obtained [rom silt
and fine sand pgrains of quartz or feldspar scparated from the field sampls.
The concentration of alpha, beta, and gamma radiation produced within the
mineral 1s measured, and the radiation sensitivity of the material is deter-
mined by applying known doses of padiation to the sample unbil a glow curve
that resembles the natural glow curve is obtained, Wheh the rate at which
radiation is produced in the sample is determined, an age is estimated for the
sample, A more detalled discussion of these procedures is found in Wintle and
Huntley (1982).

N.1.3.3) Means. te Assess. Accuracy of Results

The ascuracy of the TL dates (Table 4-8) can be evaluated by comparing
them with other age data peceived fron the same or correlabive localities, and
by duplleabe analysis (Sectlons N.1.3.4 and N.1.3,5)., The most comparable
data are. provided by radiocarbon dates and by ﬁges calculated . from scil ecar-
honate accumylakion data, The comparizon of '“C and TL dates from the same
loeulities ig presented in Table B-9: calcic soil data are compared with TL
dates for specific lecalities in Section 4.2, Qualitative assessments of
accuracy werc based on the geolopie and topographic setting, induration, and
scdimentologic character of the sampled deposits,

?;3.&. Results
TL dates Pvcoivod'Fov 62 submitted samples are listed in Table #-8, The

dates range [rom 1,960 to 319,000 years BP. ALl analyses were done by Alpha.
' nalytlc Ine ) Fova]. abl@b,‘ilofldd.d o

RDERE



Table 4-8. Thermoluminessence Dabtes Obtained From Queternary Deposits,
Paradox Basin {(Page 1 of 4)

0L

R SO date, laz No, | .
._'Lo_:aliity‘a)  Site . © {yz gpysD/ (A_PyA-) S/ camentst S
3 Sec.ll, T255, RlsE-i | "unsuitable” 348 Green River terrace, alluvial-gi‘avel.
& Sec.i&, 7265, Ride=l1 ioc ishomogencous 545 Keg Knall, alluvial sand and pebbles; disguised deiic_ate
: ' 135,000 L 19,300 459 samples. : e
5 - _ 'Sec-ﬁ, T26S, R2Z2E-1  "tou young to date" 487 Eolian deposit, collected at d'ebt_h of L.2m (4 fL): :'
7,480 X &0 565 Fine-grained deposit, collected at depth of 2.0 m (6.3 ft).
g Sec.32, 7265, RIBE-1 253,170 T 45,220 557 Jonnson 's-Ug-0n-Top, aliuvial gravel. ‘
' Li3 Sec.2, TZ75, R22E-1 17,702 b 1,512 432 Mozb permeability pit, alluvia_i_: gravel; 5
78,230 = 4,830 433
134,320 2 2,420 532
14 Ses.5. 1275, RZFE-Z 167,780 © 12,43C 533 Jnhnson's-=Up-On-Tog, alluvial gravel.
115 | Sec.ls, T27S, RPE-L 238,310 I 18,520 534 Spanish Valley, aliuvial gravel.
Sec.17, T275, RZZE-L Ez.400 T 2,770 © 434 Spanish Valley, alluvigl gravel.
17 Sec.18, T27S, RZIE~I 108,000 £ 8,400 435 -Spanish valley, alluvial gravel. :
16. ' Se:.is, T27S, RZIE-Z 11,990 T 740 436 Spanish Valley, eollian deposit over alluvial gravel.
R - $,290 700 S35 Spanish Valley, siluvial gravel. ‘
‘19 Ses.20, 7278, AR23E-l 111,000 I 12,000 439 Spanish Valley, alluvial gravel; disguised duplicats samples.
: . 527,000 T 16,400 438 : b
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Trermoluminescerce Dates Obtained From Quaternsry Deposits,

Table 4-8.
Paradox Sasin (Page 2 of )
G . L date(, Lab No. . ,
1 ™~
.'._ocalityCa’ Site {vr BP)‘SJ {ALPHA-) (e Comment s\d)
20 Sex.72, T2TS, A23E-1 - 22,500 % Z,000 44T Spanish vVallsy, zoiian deposit.
: 67,300 X 5,3 537 Spanish Valley, alluvial gravel; duplicste samples .|
¥FL5.000 236 collected 0.2 m {3.5 ft; below overlying eolian oeposﬂ*_
o 02,750 ¥ 13,800 S48 Spanish valley, alluvial gravel. :
"’215 See.28, T27S, RZ3E-1L 2,360 T 220 537 Spanish valley, zolian depositi. 1
315,000 £ 7,006 381 Spanish valley, alluvial grave;, duplicate samples - :
124,210 bl To N ¥4 538 _ collected G.Z m {C.5 ft} below overlying eclian deposit.
»200, 000 539 Spanish Valley, alluvial gravel.
rel Sec.35, TS, RJE-L 37,470 T 3,000 442 Cisson Dome, eoiian decosit on fan; dupliczte saples.
76,800 T 1p,100 558 ‘
32 Sec.16, T30S, R2IE-7 . 1,960 & 200 ) Gitson Dome, B m (26 Ft) terrace, alluvial gravel; |
o : *too Inhomageneous™ _ duplicate sanplss ce..._ected 0. 2 m (8.5 Tt} below .-
! : e overlying eclian ceposit f
: 124,000 T 23,500 450 Alluvial gravel(Z}; surat:g aphic position of sample is
’ uncartain. ;
B3 Sec.18, T30S, AZIE-8 106,006 T .".:3,30] 432 Gibson Dome, 1C m (32 ft) terrace, allwial gravel;j D
i : 118,000 T 8,720 451 duplicate samples collected 0.2 m below overlyingieolian
: deposit. : :
34 Seb.lé, T30S, R2IE-6 iB,GOC ¥ 250 541, Gibson Dome, 10 m (32 ft) terrace, eolian deposit. @
' o 84,100 X 6,230 4Lg Alluvial grave?, samplie cniected 8.2 m (0.5 ft) :eiow
overlying eclian deposit.
35 . Serc 18, 1305, RZIE-5 4,010 I 310 540 sibson Dome, 12 w (40 ft) terrace, eolian de;iosit.‘
106,000 £ 8,000 448 Alluvial gravel; sample cocllected G.2'm (0.5 fr) uelow_

overlying enllian deposit.
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Taple 3-8 ‘Thermolumirescence Dates Dbtaired From Quaternary E'EZ)OS -s,
: Paradox Basin [Page 3 of 4)

: T date et Mo, .
Size (v a3 (BLPHA-D" ) Commen*'s‘d’
5 Ser.18, T30S, RZIS-4 8,120 X 740 L4E Givson Dome, 12 m {40 ft) terrace; eoiian depcsit
sz,800 X 4,450 a57 folian deposit. '
37 | Sec.ls, T30S, R2IS-Z 205,000 T 15,600 Lns Gioson Dome, 20 m (66 ) terxace; eolian deposit!
' © - "too imhemcgeneous® - '
| Sec.lé, TICS, R2IE-2 204,7G3 T 34,430 551 Sinson Dome, 20 m (86 FL) terrace; ecliad deposit.
: : | 183,000 ¥ 12,400 L4s Znlian deposit.
35 ‘Sec.ilf - TILS, R2IE-L t4G.J00 ¥ og,700 LD ' ibson D:.'mé, 2w \,.DS ft) terrace; alluvial mavﬁ'w_
' TLeo IoNoMGgeneousT  —- - Duplicate samplszs collected 0.2 to 0.3 m (2.7 to 1.0 r‘..) ‘below
ocveriying esiian d&pcs:ts.
45 Sec.%, TH1S, Rigz-1 81,563 T £ 870 52659) Srabens; dune deposit-in graben valley.
65,376 7 4,550 sz7'8) ' :
41 el il TEIS, RifSc-1 15,300 ¥ 1,470 458 (=) Grabens, Cow Canyon; vallsy f‘ill.
Ji3i8 Sec.i4, THLS, RISE-Z 3,220 2 290 528(‘3) Grabens, Cow Canyon; vallev Fill.
o Sec.Z8, T31S, RISE-L 31,365 F 3,080 531"33 arabens, Cross Canyon; valley f11l.
' 18,300 £ 1,260 529‘3) frabens, Cress Canyon: valley f111. oy
46,300 2 4,650 s3gte Grapens, Cross Canyon; valley fill.
‘62 ) Sec.33, TEIS, RLSE-6 27485 & L1060 5435 WCC ik Ridge No. 1 (ER-1) driil site, eolian depos_t.
43.930 ¥ 4,030 564 ER-1 drill site, eglian deposit.
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Tabie 4-8. Thermoluminescence Dates Obtaired From Quaternary Deposits,
B (Page 4 of 4} :

Paradox Basin

lab Nn

(d?

;z'ngality<a) Site o (yf.BP}(b) (ALFHA--}ﬁcj Comments
: . 7a) ' P
&7 Sec.31, 7375, RPO0E-3 3,690 X 310 ag0~%s Dry Wash, fine-graired slluvial/eclian depositi
; . 7,050 F 640 46508 Pry Wash, fine-graired alluvial/eolian deposit.
. . : \ - Py
&3 Sec.3, T375, RRIE-1 59,160 T 6,780 a53{3' Cotionwood Wash; fine-grained alluvial deposit.
7L . Sec.32, 7375, RZZE-1 25,6410 2,300 453 White Mesa, soil backhce pit; eolisn deposit.
i 32,700 ¥ 2,850 454 white Mesa, soil backhoe pit; eolian deposit.
72 Sec.33, T37S, R22E-1 . 46,700 % 3,550 455 white Mesa, tullcozer trench; eolian/fine-greined alluwial
: . deposit. 3 :
93, 800 X 7,020 456 white Mesa, Gulldorer {trench; ebliaﬂffine-grainedwalluyial'
) deposit. ‘ o
137,000 10,900 457 white Mesa, buildozer trench; eciian/fine-grained alluvial
deposit. P
74 Sec;32, T38S, RilE-1 307,000'ﬁ 39,300 460 Hall's Crossing, eollian depgsit_
76 Sec. 35, 7383, Rl;E—l _140,000:3 11,865 461 Hall's Crossing. !
{a}: Refer to Figue 1-1, Table i-1. o
- (b} BP = Years before 1350 A.D. ) :
- (c)? Laboratory nmumber assigned by Alpha Anzlytic, Inc.
{d): See Tahle 1-1 for stratigraphic relationships.
(&) Sample zollected In 1582.



OLL

Table U-9. Cemparisos of Radiocarbon ard Thermoluminescense Dafes

- , : Carbon-id Date TL Date ionshlp of - Mg .
‘Locality &) Site {years B7) (B} (years} Samnled Horizons lab fo. G/
7 " See. 22 1,2 v 55 "too young Lo TL above M C~ 1541457
i Sec. 22; 280 « 'to0 young | B DIC~ 1544447
: date"
T268, RE22Z-1 1.280 + 55 T U8G + 180 TL below 140 DIC-1544
I Sec. 11, 2,760 + 200 16,300 « 1,470 TL below 1fc WSU-27E7
T3S, R78E-1 103% modern 15,300 + 1,570  TL below 'HC WSU-27GE |
i Seq. ik, 300+ 55 3,220 + 250 TL below '%¢ WSU-27E6
T318, R'EE-2 3.910 + 590 3,220 + 280 TL above %0 WSG-2784"
s " 3ee. 2B, 1029 modern 11,560 + 1,080 3ame horlzen YSU-2785
: T31S, R8-1 §,52C + T30 7,300 £ 1,200 Same herizon WSU-2754 !
: NG carbon LE,300 + 4,630  Same norizod WS-27¢£9:
. - - ' o T - ) T - P R
: 1,020 + 320 46,300 + 4,530  TL above '7C HUSU-27E3
| :
| .
67 ' See. 31, : 2,380 + 90 3,660 + 310 TL nelow 15C
- T37S, R20E-3 9,490 + 30 7,050 « 840 TL below 'HC
T.850 + 90 ' {Triplicate BETA-622T!
Insufficient T4C gates) WSU-278%.
sample ’ o
8 Sec. 3, 1,750 + 60 53,100 + 5,78C  TL below e DIC-1543
| : 54,100 = 6,780 : :
i 7378, R21E-1 3,070 + 325 {Run tWiaa} Same horizon DIC-1555:1. .

{a) Hefer to Table -1 and Figure 1-1.

ifnh} BP = Years before 1950 &8.D. "Modern" 1s pcsi-1650.
(¢} Laboratories are listed in Table 4-6.

(2} Latecratory number assigned by Alphe Analytic, Ine.



. loth TL and TQC samples were collected at six localities to compare dates
_derived by the two methods (Table U-8). The TL dates from Lecallities 7, Hi,
HE (in part), and 67 are stratigraphically consistent when compared with the

C data. At Locallty 07, the older of the duplicated Hi¢ gates is -‘assessed
--£0 ‘be-‘more: -aecurate on- Lhe ‘basis-of- aminoacid: andly315 of snafl;shells found

“77In conjunction with the carbon sample.  The TL date, however, is stratigiapnh-

ieally reasonabie within the statistical age ranges given For the TL and
younger Mg data. However, the TL dates for Localities 7 and 68 do not agree
with the interpreted young Helocene age, based on appearance of the deposits.
These data suggest that scome alluvial sediments did not totally lose their
previous TL signal during transpgort and redeposition, which i3 a problem with
samples deposited under water and rapidiy buried. AL Locality 45, there is a
5, 000- -year dlserepancy betiween TL. and 1 C data. .. As. discussed in Chaplter 3
'(SectLon 3.2.1), the VI date is assessed to be in error because of the geo-
logie setting of the sample, and the TL dates may provide a reasonable age
approximation of the deposits.

. Comparison of TL dates and age estimates basced on calclic scil develop-.
ment indicates that the TL methods can provide realistic approximations of
deposits up to 150,000 years old. Dates derived for paleomagnetically
revarsed deposits (l.e., »730,000 vears old) are consistently too young,
This may be due to (1) the incorporation of younger solian sediments into the
sampled caleretes during late-Pleistocene time, (2) the recrystallization of
caleite during episedes of partial disasclution in mid- or late-Pleistocens
time, (3) the saturation of samples with regard to TL after 150,000 to
300,000 years, or (4) the effect of 'a U-series disequilibrium, Disegui-

'llbrlum would -cause a maximum error of only tWwo times the TL date (Wintle,
18933), and therefore does nct provide a full explanation for all of the
discrepant dates. '

The extent to which the TL dates derived from gravel deposits approximate
the estimated age of the deposit iz rather surprising considering the apparent
nonhomogeneous character of the sample horizon, The TL that accumulates at a
given polnt is affccted by the radicactivity of particles in a surrounding
radlus of 50 cm (2C in) (Wintle and Huntley, 1982}, Therefore, the sample
shauld pe eollected from the center of-a herizon that is homogeneous and ‘at:
Least 1 m (3 ft) thick. If the norizon is less than 1 m (3 ft) thick, addi-
tional =amples should be collected within the effective distance to assess bhe
contrlbutlon of lddloaLLLVLty From the uamoles' surroundlngq

QV@Pall, the results of the TL analysis are suffliciently favorable to.
continue evaluation and use of the dating method in future studies., Like
other chronologic data, TL dates should he carefully evaluated with regard
to their geologic reasonability., A facfor that may have affected TL dates
derived from gravel deposits in the Gibson Dome area is the possible incorp-
oraticn in the gravel of uranium-rich sedimentary clasts, such as clasks
from the Moss Back member of the Chinle Formation, - This would result in an
erroneously old TL date for the deposit. Generally, reasonable dates were
derived from the slit and sand fraction of the gravel samples submitted for
dates in the study. Apparently the gilt and sand was washed into the inter-
stices hetween the gravel clasts soon after the gravel was deposited, thereby
~ giving reasonable dates, Howevevl:becausemofﬁthe problems of delay .in infil- .

ling and lnhomogenelty of clas tdl colle
is” not recommended R
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1,1.3.5 Reproducibility ol Results

Eight sets of dleUlaG dupkicate Jdmplw“ were sibmitted to assess the
_'reproduclblllty of the TL dates. Comparative dates Were re ceived from Five of
the sets (Table U4-10);. only one. of the. duplicated: sets represented .samples. :
“From anF graived “deposits, Reproducibility was dood. for twol SeEs T of. data;.

the other three sets, including that for th eclian samples, produced sig-
nificantly different dates. The cause of these dissimilar dates ig unknown.
At Locality 22, for example, activities of the two samples were similar, but
the equivalent doses derived for the samples differed by a Factor of tuwo
(Wintle, 1983). At Localities 26 and 21, younger eolian waterial may have
lnfllbrated ronunlformly into the un deriy ng sanpled gravel, causing the
dlsparaLe dates, ’

These data stress the impertance of adequale calibration and duplication
of the TL dates from an area. They also plOVldU some insight into Factorﬂ
that may affect the accuracy of resulls

Y.1.4 dmino Acid Diapencsis

Aminc acitd racemization is a widely used tool lor age determinations of
deposits centaining fossil mollusks, Poraminifera, and bone (Hare st al,,
1980). Investigators have also suggested its use in detecting nalessels and
pos=ibly in dating soils {Coh, 1972; Limmer and Wilson, 1980: Miller and
Brigham, 1983)..

fmino acids are of bielogleal origin, and are present primarily in the

L-stereoisomer {l-amino acid) configuralion in the live state, After the
death of an organism, the L-amino aclds gradually invert (or racemize) to the
D-sterecisomer configuration at a rate dependent on temperature, until a
thermodynamically stable equilibrium mixture of D and L forms is reached,
Therefore, materiats of inereasing age should contaln Increasing proportions
of D-amino acids unbil a steady state is reacned. In the daking technique; the
amount of interconversion {epimerization) of L-isoleucine into its dias-
CLereomar D-alloiscleucine ls delsrmined, Expressed as a ratlo of D/L, this
fraction provides a measure of Lhe extent of amivo acid diagenesis and a
relative measure of age.

Because the . PRCPMIZQLLOH rate ol amlne acids is temperature-dependent, a
critical portion of any amino-acid dating program is the assessment of the
Lhermal history of the zample. The effective (chemical} temperatures used in
the caleulation are based on estimated palectemperatures, depth of burial, and
the burial history of” the sample.  Once a sample is buried at depths greater
than approximately 1.5 m % ft), the effective temperature approaches a corni-
stant value, and rates of epimerizabtion are not signilicantly affected by
diurnal variations or paleoclimalic changes (Brigham, 1980}, towever, the
exposure direction {(northern versus southern exposure),. Lhermal -conductivity
af the encloging sediment, and mieroclimatic setting ab a specific loeality
contribute to defining the depth where the cffective and the subsurface
temperatures are equal (Miller and Brigham, 1983). '

”Wanbmﬁlfd" GoitAnGd in organic material At a s0il surface are adsorbed
~onto and/or absorbed-intor thetrystalline “steueture’ ofi glay miTerals) Where T
they become kighty resistant’ Loschemical “or biological” attack. Xdoally,
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Table 4-170. Results of Thermoluminescence Analyses on Disguised Duplicate Samples:;

Duplicate TR

‘ . TL date TL - TL Date ‘Lab Ne. of .. Type of
Locality(a) Site (103 yr 8RB} Lap Mo,(c> (103 yr BP) Duplicate(e) i i Material

4 Sec. 14, 134+ 3.3 4sg "too inhomogeneous™ L Sand an

; T263, R16E-1 - . gravel

15 Sze. 20, 127 + 16,4 438 111 4+ 12,0 T 43¢ - Gravel

: 278, R23E-1 - . g

20 See. 22, §7.5 + 5.3 437 »315 536 - Cravel

i 7273, R23E-1 L

21 See. 28, 319 + 37.0 447 24.21 £ 10.37 538 Gravel

: "278, R23E-1 - }

22 See. 33, 37.4 « 3.0 442 76.8 + 10. 458 I Folian

| T29S, R20E-1 T | N

32 Sec. 16, 1.96 + 0.2 542 "too inhomdgeneous” -- Gravel

' T30S, R21E-T ' ’ :

33 Sec. 16, 118 » 8.22 45 106 + 13.3 u52  Cravel

; T308, R21E-8 R

33 See. 16, 140 i 9.7 iz "foo inhomcgeneous" ! —— : f:f:{C-ravél

T30S, RZ1E-1

{a) R ]
{h) BP = Before 1350 4.D.
{2) L

q

ef'er to Table 1-1, Figure 1-1.

aboratory number assigned by Alpha Apalytic, Ine.



indigenous L-amino.acids preserved in this manner slowly racemize during (and

fallowing) translocation. ol the elay particles down the soil profilc and -into

the B norizon {Miiler and Drigham,  1483). Because racemization reactions ara
~temperature-dependent, rctutlve"age assignments are more accurafe if:the sites
~~gre--located—in the same microc “settlbg, dFd tnc dL_erfﬁ are sampled P
“from a.dephh of more :than 1.5 m (5 2. : o - :

Amino acids-in solls are exposed to a broader range of environmental
conditions than are amino acids contained within a mollusk shell. Although
temperature remains the most critical Ffactor in controlling the rate of
epimerizaticn, soll pH, the concentration and species of clay minerals,
contamination by seil bacteria, chglatlon of free amine acids by metal ilons,

_and leaching by ground waler may alsc affect the analytical results.

Research on amino zeid racemization hos been more extensive on mollusk
shells than on soils. Therelore, spes were interpreted Wwith some confidence
from aming acid data derived From shell material of selected species (parti-
cularly Lymnaea and Succineal). Anino acid ages for soils, however; canmot be
extrapolated £o such an extent., The seil samples wer:e submitted primarily to
assess Whether consistent trends in amine acid ratios could be obgerved in
progressively colder deposits. In order to bast the usefulnsss of particular
s0il horizons with respeect to another, samples were taken from both B and Cea
{or K) soil horizons,

B.1.4.07 33mpl1ng Procedureﬂ

Care was taken to aveld direct handling of both the soil and mollusk
samples, and to stera them in aluminum foil in order to avoid contamination,
The mollusk samples wers generaliv washed and initlally separated from the
deposits in the field. They ware subhsequently sent to Jim Mead at the
University of Arizona for separation and identification of species. Speciflic-
identified species were then submitted for amino acid analyses.

The =zoil samples Were colliected from freshly exposed material ab least
0.2 w {1 't} below the ground surface. Analyses were performed on thé silt
and swalier size fractions, Pwllowing dlssolution of CaCCy. Both the sediment
residue and the supernatant liquid were analyzed; amino aclids were most abun-
dant In Lhe sediment hydrolysate fraction:

N2 Means to Assess Accuracy of RP?UlL\

Aceuracy of the derived amino acid dates was assessed by the geologic and
topographic settings .of the sampled deposit, amount of s0il development on the
deposit, induration of the deposin, and stratigraphic relationship ol the
dated material with any available radiccarbon data. At two locations, e

..dates had baen derived from the same horivon as the amino acid samples and
dere used Lo calibrate paleotémperature assumptions applied to the amino acid
analyses, :
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1.4.3 Results

Amine acids ih six fossil mollusk shell samiples and in 12 soil samples
_ from selected soil horizons were analyrzed in 1981 .Ly. the. dmine -Acid- Geochron-
__ology.-Laboratory at.the Iustitute-of Arépic-and -Alpine- Research~(TNSTAAR)
“University ¢f Colorade, Boulder,. Uolorado.. Mollusk shells wera-later col--
lected from seven additional sites and auomlcted for analysis to the Amino
Acid Gieochronology Laboratory at the UDLUPFthy of Massachusetts in Amherst
Massachusetts.

4.9.8.3.% Analysis of Mellusk Shells. A1l the shell samples
(Table 4-11) were collected from Fine-grainéd alluvial deposits that probably.
-represent- fluvially reworked eclian dépdsits alb most localities, ALl the
collection sites, except Localities 2 and 51, are in the Elk Ridge area.
Therefore, regional palecelimatic differences among these sites are probably
minor; any varlatlons would bhe caused more by elevational changes or local
mieroctimates than by regional atmespherie patterns,

The ages estimated for samples sent to the University of {olorado's
INSTAAR Laboratory (Table U-12) are bhased on a comparison of amino acid ratios
derived for the Lymnaea(?) specles with ratios derived for ihe same specics in
the Lake Bonneville area (McCoy, 1981). The ratics are comparable, and the
large-scale paleoclimatic conditions affecting both sefs of samples were .
judged to be comparable, suggesting that the samples collected in the Paradox
sagin are similar in age to 11,000-year-old shells from Lake Bonneville,

Given this age assumption, paleotemperatures were cstimated and used as the
basis for age estimates for the other samples sent to INSTAAR,

The age range of 18,000 to 28,000 years BP given for sample AAL-2331 at
Logality 78 reflects different temperature assumptions, The-younger age
{18,000 years BP) is based on the assumption that the paleotemperaturs has
becen the same for the last 18,000 years BE. Houwever, temperatures were
probahly at least 5°C (9°F) cooler during the full glacial period, When this
probability is factorcd into the caiculaticns, an age of 28,000 years BP lS
derived for the 5dmple, and . is believed to be more reas unab]e.

The high D/L ratio for ,gmnaea(?} in sample AAL-2330 (Locaiity 78) seens
anomalous; the sample Was collected 15 em (6 in) above a burn layer that has s

I8¢ date of 9,550+80 years-BP (Table 1-1), and may therefcre represent a shell

that was previously heated and has been reworked from the charcoal layer. The
amino acld ratios for Gyraulus also do not appear to have a consisktent trend;
sufficient research has not been conducted on this species to cxplain the
cbtained ratios with more confidence {Miller, 1981},

Samples submitted to the Amino Acid Geochronology Laboratory, Universily
of Massachusetts, included a varlcty of species (Table ¥-1%), The apge esti-
mates given for these samplesz are based.on the alloiscoleucine/isoleueine
{alle/1le) ratics in Snoolned, and the infarred temperature history of the
sample (Table 4-12), The amino acid data for the other genera were used Lo
check for sample contamination and to characterize diFFerent genera of mol-
lusks, MNo significant quantities of contaminating amino_acids. were. found in

“the sanpled.  The tadiocarbon dates 1t Cocalities 63 and 67 were_used Lo

~ecalibrate. the pd]eotemperature fﬁfﬂ : ‘hﬂ UﬂCﬂrLdlntloe ShOHn in *hp PStlmiLEd-.:'.
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Table 4all,  Summazy of Aalmn Acid Ratlos Derlved From moliusk Shells

alle/i1e™ :
B . 3\ ) . . ey
Cloosilty Site e N:I-E:’ Lywmeal 7) GyTaulus Seeinea'®? P\.oilla(':) Vauonta(':} Fossaria Dissus Vertizo Pryza =), . PisIdiam
2 .
AR_-2337 .12, LA . ' 0.14 LR
51 . -
: 20-L-1 ta.73 Looone) n.7r
\ [0.92 T 0/02)
53 T375,200 ) !
: Sec. L S 3115 © 2.010 0,092
5 rars mvE, i ‘ :
Sec.2a-L Za-1-1 2,050 9,001 D.0s6 5 noo? o Lo 0.085 T 0.00L ©oooar Ig.co
55 THTS,RICE, . o D
) Sec.30-1 30-L-21 oz 2 6o 0.126 £ 0.003  0.3a> 2 0.003 £.157 Dl T
o
—— )
o T375,R20E i
Gec.3i- 3ul-la ) .26 D 0.004 0.100 2 0.@lE  0.057 I 0.00F 72 D oAnl:
1375 R2UE, . i :
Sec . 3i-3 1-3-2 - 10.679 2 0.003] 0.0 T 0.005  [0.082 2 00030 0.0 T 0.035  DL1F I OQLGLS
[0.3°3 T 0.0028 . {0.053 2 0.z
T : :
; . AEL-R330 0,225 L 126 : . : T
: eL-2F31 : G.20 : C
| ' ARLSTER 0
i AAL-2334 a1, 0.20
3% TEEY Mk, :
; B0, 251 0.1 .
i : 0.140 2 0.12 fc.cs3 I .ocs] G.09s L 6008 '
[G.cge & .ooat

"i{ad Mean peaic Meight Tatios of alloisnleucire (alie) tn isoleucing {Ile) in the total acid hydrolysate of the sarplz #If7 U2 range adduh ©he tegn determingd Jy duolieats dcedaration and

e aralysis of each sample. . - i ’

(5] 830 Indimotes samole was analyzed by 4me Amino Acicd Laboratory, INSTAAR, yniversity of Coiorada., The obner samglas wars aralvzed By the fmin® ACLd Geochrenology Laboratory, Lnivess
Massacnusetts. : : ’

' [c) Brackats IngitaDe analyses OF Glsguised duplicate samoles.
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Tahle &-2%. Intexpretation ¢f Ariro Acic Cate for Moliusk Shells

4. Age estimated fFiom

3. age delived oy other
m2ats (ye)

Comments

Y- fm 4 o
b 0.t glP) peepled urld) g {e) et an date (yc)
dmozssz 1,250 ca rs zsy'd (gswtd ‘23 11,0M o 35,0000
3 THSPlAESec-20-l 2I-1-l LG3 - 65 a5 0 s ialn so0,009 - 300,000
- 29,3
&5 THFS,RTE,Fec.ll-3 1l-3-1 -L,585- &.8 118 25.3 Fae) 12,507 216l B
TIS.RENE.Sec.26el 28elel  L5ZS A 12.0 25.4 12.0 5,000 = 2,000t
T575,R206,582.50-1 B0-i-2h 1,550 &1 IS0 .5 2.1 2,000 & 7 o0t D
65 T375,720E,Se7.51-1 1,630 2.4 10.G 204 9.3 9.0 a0t
€ TFSEEE,Sec 313 3132 1,330 1.2 130 208 12 9,490 = 5utt)
TS TISS.RRCEC,% FE-ZEH 1,40 ca s (22009 2.9 ce 11,0004
ASL.2T5Y 1,490 A 1l 18,000 o 28,&30(-'}
ca 10 ca 11,0000
; = o o1 ?:_Jg(“’
78 TEESRAOE, Ser.zel 1.5 12.0 25.5 <z 2,000
‘ 28,0 a0,
= Tomt™

A,

125,500 {Za2d

Attt on

115,002 to 19,00 {2300,
accumalation} :

e

13

Trow, NS0 T 82
s %2,%30 2 8

- 392115 were coliscted 3.5 @ 112 f)

sbove mammoth task. Jtwer dabes
siven were derived from .‘.Lzsk.§
23 based o meight of sampls
|, 370ve JTaseny siraam ;eva_;.i
T2 date used 3T zalibration of) anim
aciy data fou oalencemperatice
ibsrprstation, G
T dzta is From out-g2nd-PfiM 2
that is imse: inlp festase Sohtaln.
irg swells- : i
3¢ age esbimabe hased on vissel
assessmens of Jall, cccuimilated in
s0il orofile and comparisons with
similar, reacby srefiles whese
sro0genic CaDg was measured
Proximivy nT rIam M3y Nave Canss
2xTES5ive 8o 1A
nedegsnic Call, at base wi sodl
neofile. 3¢ dge, 33scd ond 1an
anglvees, 1s likely &5 be :
It cue z

terrabz

On oo LA

LART S F) usC P

oM ugoar part oF
w3 Py above B

sample. Lt
Gldzr depssit, trunnated by youngar

sharmel depnsis 2entaining oiher

collancad sampliss. Pl
Tallecten From Gase of raadel

samz csllznbion sive a3 8A_-2323.

Deposits may orojaet to tarrace

1 ryrfage bhat ic approximacelyl
Zeom (40 vnoto &)
strewn izvel. Mz other Zatasl
material found in Jdeoosiks. oo

2} (Flavation of site In meters.

o} iDeoth (R} below present GRouwns supface oF The SUsface GF the.oldest buried soil.

4% ivean annual air terperature {MAT) (°0) base? on stte elevation and the relationship between elevation {£) and “AT as oot
Blanding, Bluff, Codar Podet, and Mexcitan Hat for the period 1951-1960; linear regression equation is "AT = -Q.0JEN +2).59:; ¢

(2}

fkan, Saddng the difference in MET IMtO acTount.
Arimg arid (BR) gne estimars hased on raipzarbon date, this ozport {(Yable 4-&).

| lacges wsertaintles in age ars lasgely a function of the uncectaimty in temperatuse histery, §-€., Teter

2) RAL:  Amine solid laboTatory, INSTASR, \niversity oF Colotade. FLI other samples enalyzed hy fming AciZ Lanoratory, niversd

Range in temoeratune CBC: at each site baser on the Ielatisnshin Detween elevation snd ha mavivum :jiffergn:e_,t)atdea'n meas menknly brroeratorss as determived by 1inzarc Logre
using cAta for (95L-1%&0 foam the sites lister In note 5; linear regression eqetion Is R = -0.004€ +31.6&; © = 0.95. :
fective tempezatuse {70) for each sample malculated foom MAT, Rr, deptn below ground sq_;face (or any ksowt Palaseground surfazad, and an astivation ensrgy for ispdeaciae -
tion of TE.6 <cal. Calowiation assimes thab armuogl temperature variation of deptn of sampls ollows a sine Curve.  The Te3n annual tetoeraturz since L1000 years o°
1 me p5uml L7 the MAT Por 1$51-1963 and the mean anwal tempsvaturs prior to 13,000 yesss 50 is assumed b3 o2 1077 lass tan o s
inambers 17 sarenthesis were caltulated frow Tonmelas given in (@) and (e). and are gives for information purdoses vaiy, e
! acid (RA} age sstivate based on afle/ile xatic of Physa samplz In comparissn with that of otmgr Paysa and Lymiare snells founs Bn SSoolAt1an witd <aomn Leobea deds Hh horthern

ion acid (BR). esrimate based on alles/Tle ratio of Suocines sample assuming that issleucing epimerization kinetles for
ag= oo =

ermingd oy lifsar ragression uwsing gquta T

Saozinea 5IRlls arfe KRR Same as YOr Lymnmea shells;

y 3f vEssarmoseiis .




_ages.reflsct the uncertainty in the actual thermal history of each sample, and
in the depth at which it has been buried since deposition (only the present
depth below the ground surface is known). - The thermal history has been

inferred from other palevclimatic data from Utah and neighboring 3tates. L

§.1.%.3.,2 Apalysis of Soil Samples. In order to assess the usefulness
of amino acid analysis for relative scil dating, samples were collected from
carbonate- or clay-rich horizons of eight soil profiles in Spanish Valley.
The results of the analyses (Table 4-13) indicate that the organic material-
in near-surface caleic horizons is young, The low ratios may reflect con-
tamination by newly infiltrated organie matter and/or the continuing acecum-
‘utation ol soil carbonate that carries young .amino acids with it Into the.
“calgic horizons. Ratios ina B horizon formed in the lower member of the
Beaver Basin Formation (Loecality 18}, a buried B horizon of the Placer Creek
Formation (Locality 13), and the buried clay-rich stratum in the middle member
of the Harpole Mesa Formation (Locality 21) are significantly higher, sug-
gesting that clay may be more . effective than carbonate- in isclating organic
matter, The high D/l ratic in the Harpole Mesa deposit at Locality 21 also
supnrts the interpretation that the horizon is a paleosol, rather than a
clay-rich deposit {Section #.2.1,1.1),

H.,1.4.4 Reproducibility of Results

To assess reproducibility of the amino acld analyses of mollusk

shells, disgulised dupllcatea of four different snail species were included
with tnhe samples sent to the University of Massachusetts. These sample sets
are shown in brackets in Table 4-11. Varlances in the data range from 5 per-
cent (Locality 79) to 25 percent (Locallty 2). The laboratory also ran dupli-

cates of all the samples and incorporated the results in the data analysis.
OF the labcratory measurements, 81 pergent were duplicated within 10 percent,
and 60 percent were dupliecated within & percent. The data were assessed to he
sufficiently accurate to be used in age determinations,

Only & few -soil.samples were analyzed fFor amino acid contant. Therefore,
reproducibility of the soil amino acid data was not evaluated.

H.1.5 Paleomagnetic Analysis

The paleomagnetism of Quabternary deposits can be used ta correlate and
establish a minimom date for unlits that may be of early Plelstocene age. The
polarity of -a sodiment's remanent magnetization reflects the polarity of the
Farth's magnetic field when the sediment was deposited. The last major perlod
of reversed polarity occurred from 2.3 Lo 0.73 mililon years ago. An earlier
reversal that may be reccrded in the older deposita of the Paradox Basin s
the Gilbert epoch, which lasked from 5.1 to 3.3 million years B3P (Mankinen and
Balrymple, 1979), Reversed paleomaghetic polarity in Quaternary deposits
therafore indicates that Lhey are at least 730,000 years old and may be
several millicon years old. Paleomagnetlic analysis has been used for the rast
20 years to define the break between the normal and . reversed-polarity--epochs -
Tat 430,000 years, It ls a erhnquO lhaL s pencrally aceepted by the.

g selcnt1fic commun1ty. -
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. Table #-13. Amino Acid Ratios of Spanish Valley Soils

- Locality Site S Fowmation(a)j Horizon . (em) . atie/Tle . "
13 T278;H22E, Sec,2-1 Beaver Dasin - HCgab?2 150 0.075
: Upper Member, UK 2mb3 180 - 0.0IT(b)

Placer Creek 5B2tcabd 375 0.275

i T27S,R23E, Sec.5-2  Lower Member, 2Kezmo 110 0.03(0)

: Harpole Mesa : :

15 T275,R23E, Sec.16-1 Upper Member, 2Clea 30 0.057
Placer Creek

16 T27S,R23E, Sec.17-1 Upper Member, 2C1aa 1o 0.028

. - Beaver Basin : ' 8

17 T273,R23E, Sec.18-1 Lower Member, 2K 2mb 30 0,031
Placer Creek

18 T275,823E, Sec.15-2 Lower Member, 2B3eca 60 0.177

. Beaver Basin :
9 T2Y8,IP3E, Sec.20.1 Lower Member, C2K2b 50 0,051
: Placer Craek ' .

20 T278,R230E, Sec.22-1 Middle Member, 2K 2mtb - 30 3.03%9
larpole Mesa

21 T275, k238, Sec.28-1 Middle Member, 2K 2 50 0.057
Harpole Mega - 3B1esh2 250 0.45

{aY = ‘See Tabis I-106.
(b) = Poorly resclved, desplie repeated analygis.



"On a shorter time scale, the remanent magnebism acquired by late

" Pleistocene and Holocene deposits records short-term regional variations .in!

the declination, inclination, and intensity of the Earth's magnetic field
- (Irving, -1964). _ Thesc: fluctuations:.are: referred:to.as.secular.variatlons..
~They: reflect ‘the fTluctuations in thé nondipole component “of ‘the Barth's mag-
netic field and have been used tc correlate stratigraphic sections with dated
gequences where the magnetic signatures are known. The pattern varies from
c¢ne region to danother, so correlatieons over large distances are not reliable.
If these secular varlations ecan be identified for a partieular region and
dated at controlled sections, the magnetic signatures of undated localities
can be correlated with the reference sections, The interpretation of derived
secular varlation- data, nowever, reguires the knowledge of the approxinate
~time’ interval represénted by the dep0a1t and ‘a well-dated correlation
seetion.

4.1.5.1 Sampling and Laboratory Procedures

Samples of unconsolidated, fine-grained sediments were collecbed and
sampled FPor palecomagnetic analyses, The undlsturbed sampies were carved from
outcrops and simultanecusly fitted into plastic Genbainers having a volume ¢f
5 em3 (0.31 in3). The orientation of the gample relative to magnelic north
and to the horizontal was measured using a pocket transit (Brunton compass).
Duplicate or mulbiple samples were collected ab all sites and measured to best
for conasistenay.

The magnetlization of a deposit reflects several variables. The primary
magnetization recorded by sedimeats rveflects the influence of the Barth's mag-
netic fileld, and is acquired as vhe grains are deposited. Posbtdepositional
chemical alterations, bioturbabion, shrinking and swelling, and obther pro-
cesses may add later magnetic signatures that are difficult h@'identify
separately. Yo understand and separate these vomplications, it Ly nec sary
to slowly demaghebize the samples iw & laboratory. :

Each Paradox. Basin sample was demagnetized .in an.alternabing field.
magnebometer At the WOC paleomagnetic laboratory In Pleasant Hill, Califoenia.
The demagnetizaticn process meagures the distribution of 4 gample's magnsati-
zation relatbive to its coercivity (resistance to demagnebization). Ng many as

S0 measurements per. sample wore made In the demagnhetization procesd. - Poat-
deposibional processes appeared bo have had some efl@ct on the magpelization
of some Paradox Pasin samples. Samples that displayed sipgnificant changes in
magnaetic direction during demagneli&ation e discussed in the following '
gections, '

B.1.5.2 Means to Assess ficcuracy of fesults

The accuracy of laboratory measurements made to establish the paleomag-
nebic polarity. of a deposit was asscssed by examining (1) the reproducibility .
of results for duplicate or multiple samples collected at each sampled site,
and (2} the geologic reasonableness of the data with regard to bhe topographic
c 1n' lnd pecug“n1g douolupmenh 1n thn dﬂpn Lti

120



“Measurements of seculap variation within Holocene deposits were.examined
with respcct to coherency of overall trends in the data., As more .secular
“variation-data become available for Halocene deposits in the Southwest, the
- trends .derived from samples coilected during the PMaradox Basin Studlﬂb bhou]d :
—be- Compared ‘with- other'bodlea of ddba Lo agsgss’ thelr accuraoy i -

1.5.3 Results

Palasomagnetic analyses were congucted on samples ecollected from 21 sites
in the Paradox Basin (Table 1-1). The technioue proved most useful in identi-
fying sediments deposited during a reversed-polarity epoch (early te middle
Quaternary time). These deposits, which .werg sampled at scven sites,.can be

“elearly dlfferentLafed from the younger sediments collectad st the other loca-
tions on the basis of magnetie signatures (Figures 4-3 and d4-4), Correlation
of younger deposits using secular variatlons would probably bhe guite success-
ful with additlonal sampling and analysis. Because Holooene depoesits can
commonly be dated by the radiocarbon. technique, application of paleomagnetlc
sbudies to deposits of inis age has not been pursued further,

.1.5.3.1 Paleomagnetiem of Early Quatcrnary Deposits, Well-developed
pedogenic calerebes observed at several localifics in the Paradox Basin
indicate that the deposits at those sites are at least 500,000 years old
(WCC, 1982a, Vol., I). Depowits between 0,73 and 2.5 million years old should
have veversed paleomagnetic signatures (Mankinen and Dalrymple, 1999); vhere-
fore, samples ware collected from seven sites {Table 4-1H4) to dstermine
whebher the deposits are more than 730,000 years old. Assignment of minimuin
ages bo these deposibs enables compubation of maximum long-term erosion rates
and maximum rates of calcice soil development.

Tabie #-1U.  Interprebation of Paleomagnebie Measurements of
' Farly Plelatocene Depogits

Lab Na, _ - Site . “Locality Sanp les Polariﬁy
BBt Bullfrog Basin 73 3 Reversed(?)
LA Blanding Gravels & - 55 : B Revearsed
Bl Blanding Gravels 2 ot Y Reversed
Gl Green River : 12 _ 3 Guestionable
Je-1 Johnﬁdn Craek ' 53 3 - Reversed
S dT- Johnson's-Up-On-Top g 2 Questionable
JT1m3,M' dotmgon ' s«Up-On-Top ' 9 2 Questionable
JTE5,6 dohnson' éuﬂmenwlop g : 2 Reversed
_KRE-d 0 Keyg Knoll o 5 e e Questionabte

--«KK1—”“',‘,-,-~FL3 Knall: - = SR E A I/ AT S e VPVPI:Gd\ )
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_ Of the seven sites sampled, six yielded paleomagnetic data that were

- interpreted as representing reversed polarity: (Figure #-l}, confirming a "
minimum age of 0.73 million years for the deposits. However, some of the

. samples from these sites dlsplayed a complcx magnetization. that could not_be -

" interpreted-as. elther notmal ot reversed.polarity-(Table 4+ 14)."“These ques="
“tionable samples appear to have saveral magnetic ‘components, some of which

Wwere acquired during postdepositional chemical weathering. In several cases,

the easily removed (low coercivity) magnetic component is normal, while the

more stable {intermediate and high coercivity) components are reversed, These

samples probably acquired their initial maghetization during a period of

reversed polarity, and secondary magnetic signatures were added since polarity

becams normal, However, bthe polarity of some gamples iz questilonable, and at

Keg Knoll and Johnson's-Up-On-Top, several samples had to be analyzed before a

sample was obtained that oxhibited a definitive polarity. Although the polar-
ity cculd not be clearly defined for the Green River location, the paleo-
magnetle character of this deposit was assumed bo be the smame as deposits at
Keg Knoll, which have a similar pedogenic appearance and topographic position,
and where the polarity of the sediments is reversed.

4.1.5.3.2 Paleomagnefism of Holccene Deposits. A Holoceme section
sampled at t.5%-m (5-ft} intervals on Cottonwood Creek (Locality 47,
Figure Y-5} in ths Cibson Dome area yielded a conslstent secular variation
curve for the time Interval between 1,600 and 1,270 yvears BP, and a less
definite trend in rill thought Lo be younger than 720 years BP (Figures 4-6
and #-7), At this location the CC2 strata represent fill in a channel cut
into the CC1 strata (Figure 4~%5). The CCY section 1llustrates the gradual
eastward shift in declipation between 1,600 and 1,270 years BP, The data show
a declination increase Crom approximately 300 degrees (60 degraes west) fot
sediments approximately 1,600 years old to approximately U deprees for sedi-
ments somewhat younger than 1,270 years BP at the top of the cxposure,

The trend seen in the CC1 data appears to continue in the data for
the younger CC2 fill; however, the number of data points in the CC2 strata
ig not large enough to cenfirm this cenclusion, An_indieator_? C date of
“720+550 years BP was obtali & from the bottom of the fill. It represents the
only age control on the section. The declination data vary between approxi-
mitely 5 degrees west at the hotbtom of the fill, to 15 to 20 degrees east at
the top of the Fill. These datas include an apparent trend to approximately
- 75 degrees east in the lower half of the section,

Becauss the inclination recorded by sediments can be significantly
affected by grain shape and rates of deposition (Irving, 1964), declination
variation is more reliable than inciination changes for the sites. This s
reflected in the less consistent trends observed in uhe Inelination data
{(Figures U6 and M-7),

In order to consbruch a complete scceulab variation curve lor the Paradox
Bagin for the past 5,000 or more years, further sampling anhd 1 dabing would
be reguired, It would be necessary to eliminate the apparent gaps in the
record obtained to date, and to obtain a more detailed record for the period

~ before.1,600 years BP, - in order to ensure the reliability of the curve, it "

_would alpso be desirable to obtalh more data .Crom OVLrldpplng aodlmontaay
SE(Llonﬁ,.dnd dUD]ideP analyses For each time period.
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Younger Holocene channel deposits
CC2 Strata

1600 2100
x .

~4——— Streamn flow direction -«—-

Location of 140 and paleomaunetic sampling sites in alluvial deposits o
Budding and surface of older fill at right of photograph has been cut and
~Aetthalf of photograph, MC sample sites (X) and ohtained dates are sh
collzctad from the older {ill along the siough bank &t A The younger un,

exposure approximately 25 m {80 feet) downstream from B, - The exposi
at A, , . :

Note: 14C dates are stuled iy years BP,
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Older Holocane fili
CC1 Strata
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4.7.6 Uranium=-Series Dating

Ku-ct al. {1979) report that.a lU-series-dabing technigque has been used
successiully to: daLe caleice soils developed on gravel deposits in an arid to.
- semiarid-elimate: —fhe data obtained were congistent and agréad with geo- . -

morphic-and qtrangraphlc relative age relaticnships,  The® technique ntilizes
radioactive digsequilibrium relationships among Lhe 230 'h, 23‘U and <38y
isotopes in carbonate rinds cemented to gravel clasts, and is petentially
apptiecable to the last 350,000 years (Ku ¢t al., ?979).

This dating technique is attraclive to the Paradox Basin dabting program
because of its relalively long timc span ol applicability, the relative

. abundance of calcie soils that have developed on. fluvial gravel deposits:in.

the area, and the lack of available materials thal can be dated using other
methods, The primary drawback to the method is that it has nol been used
extensively on soils; Lherefore, the roproducibility of derived data should be
avaluated.

As a preliminary assessment of the uselulness of this technique for the
project, three samples were coilected in 1979 froi gravel terraces and sent to
Ku at the University of Southern California, Los Angeles, California, for an-
initial evaluaticn of the method. Field estimates of Lhe ages of CLhe samples
were based on the stage of caleic soil development in the deposit, the height
. of the terrace above present strean lLVGlS, and ages assigned in prev1ously
published studies. & fourth sample, a piszce of a mammoth{?) tusk that had
been collecled near Moab, was also analyzed.

4.1.6.1 Sampling and Laboratory Procedures

Cobbles with carbonate rinds are split open in the Field to evaluate the
suitability of the rind for dating., The innermost layer of the rind, which is
used in the dating analysis, should be fresh-appearing, dense, massive in
texture, and well ceménted to the clast. Rinds that are thicker than 3 or
B mm (0.12 in) are preferable; Lhose that are less than ¢.1 mm (0.04 in) in
thickness should not-be nsed {(Ku €t al.,” 1979). No special handling or sample
preparation is needed prior to submlrta1 for analysis,

Laboratory methads thal were used to assess the age of the carbonate
rinds were slightly modiriad from those discussed in Ku et al., (1979}; the
radicchemical purifiecation procedures applied to the tusk sample are pregented
in Ku (1968). -Dating of both the carbonate rinds and the tusk makerial is
based on the deciy of 238) ta 230rh, and utilizes the relative abundance of
these radioisotopcy in a sample, Another isokbopic ratin that uses 235y and
its daugnter pruduct, 231py (protactinium), was also caleulated in the age
assessment of the busk, )

The basls for analysis iz Formed on the assumptions that (1} upon
~preeipitavion, carbonate incorporatcs gome nranium but no thorium; (2) the
bime during which this proeess occurs is short compared to the age of the
samplei (3} the sample subzeqguently remains a closed system with redpeot to
.5%@n¢um, thordum,..and. protactinium jsotopps and- (4)-the-majority -of- 230 -and
Hpa ' feotopes
intn th§ agmgle, _Bctau;e pedogonan_cdrbonq;P probably Qonbayns varzouaj

13t

bn the, Qamplo,ate produced in siti by the:Uraniuni-ipcorpopated -o. - e



- amounts o detrilal minerals thab are much olier than the carbonatv mdtPlﬂj
othar assumptions made are that (1} if thé sample contalns any 230¢n or 2327h
initially, .the 230y /2327h ratic will be similar to. that of debtrital silicate
mincrals; -(2) the 238y, 234y, and 2301k isctopes in the detrital phase are
sifficiently old {mere than dpprome&LoLv 1 million yrars) to be in secular’

T §u1119r1um wWith: each obher - and -to have not ontributed B productlun Off
“230Th in the sample during its Lifetime; and {2} the thorium isotopes ‘in ‘the

detrital mincrals are not fractionabted during analysis.

4.1.6.2 Means to Assess Accuracy of Results

The derived U-serics dates can be cowmpared against age estimates basgsed on
the extent.of ecalcic sail development.in the deposil, and-its helghtoabove
present: stream level. The TL dabing techinigue is also potentially applicable
to deposits from which U-geries dates may be derived, and therefore could be
used in an accuracy evaluatbtion,

H,1,6.3 lesults

The dates derived [rom bhe U-series analyses are .shown in Table 4-15,
along, with the estimated age of bhe dated deposit, The probable age reported
iz for the pedogenic carbonate cemented Lo the cobble as an Indurated rind.
The maximum age reported s a '"whole rind® date, and the calculation includes
any 230th Ghat may alsc be present in the sample a® noncarbonate detritus,

Table 4-15. - Results of Uranium Series Analysls
on Paradox Basin Samples

Age (103 yr)

234,238y

and
2301/ 238y

Locality Sample(a) Probaple  Maxlmum  230Th/232pn 231pa/235%y  pstimated(d)

CR 1SS P I S I 1. .

h ftind oW et T2 4 6 o ey 75-1000
79 flnd S L TH 4 8 ca 210
43 Rind 12149 121+ 9 ' ca 679

(a) Tusk = mammoth (?) tusk _
- Rind = carbonate vind on gravel claat,

(b) Estimated age iz based on height of sawpled deposit above present: streanm
lavel and an assumed long-bern incision rate of 0.20 m (0.8 ft) per 1,000




_~fmf1—;~auggﬂstlnb ‘that-most-of ~the 730Th i caused by the i1 §ito deday of uranium,

1solupld andlysis for the carbonate rind al Locality 83 indicated an
anomalously high uranium content, and Lhe correction normally made in the
calaulations to accommodate the eflfect of deteital minerals Ls no longer valid
(Ku.et al. 19797, However, Lhe ‘3011/°3P]h ratio For this sample Was .
" milch. h1yher than that found in detrital 31110at0 minerals or natural waters,

Therefore, the waximum age caleulated for-ihe whole sample should ‘be close to
the probable time of carbonate deposilion (Ku, 1980).

The U-series dates derived from carbonate rinds are consistenbly much
younger than ages estimated or caleulated by other means, with Che. cxcepbion
of Localily 6, wherce the maximun U-series date is comparable to thab estimated
fer the depos Wt on the basis of topographic setting (Table #-15). The dis~-
crepancy cannot. be readliy explained. The rinds-all appeared to have been of
adequate guality, se they should have yielded apges that are more similar to
those estimated for the deposits by other means (Ku, 1980),

A wide range of dates was acquired by the various attempts to date Lhe

mammoth{?} tusk Cound in Bartlett Wash (Locality 2, Tanle 1<1). One of the
¢ dates {(>35,000 years) is on the same order of mqgnltude ab the obtained
U-series date of 48,00044,000 years BP. However, the other ¢ date and the
amino acid data suggest a much younger age for the ktusk; the younger age is
probably more accurate for this loeality because, since no significant amount
of calele soll development was observed in nearby depoaibs, they may be =arly
Holocene in apge. !owever, the well-consolidated nature of some of the
depogits, which are up to 15 m (50 ft} thick, support an older age inter-
pretation, Further study is nceded te resolve the accuracy of the U-series
date for the mammoth{?) tusk and the age of the Bartletl Wash deposits,

The preliminary appliecation of U-serles analyses as a dating method
demonstrates the need to analysze muitiple samples from each site in order to
evaluate the accuracy of the derived data,

h1.7 Relative Weathering

Weathering is a provess in which minerals that havé been lormed at high
temperatures and pressures attemptb to reach eguilibrium with their present
ptiysical environment on the earth's surface. This environment is usually
sharacterized by ambient eclimatic conditions and may include other [actors,
guch as. the ‘specific chemistry of a soil solution, ~The extent bto vihich
wpathering has oceurred is Cherefore a funetion of the physical cnvironment
ahd the Length of time that the object of JhLLiF%L ha.s bcen gHposed to
weathering processes

This premise is the basis [or using the extent of weathering as a rela-
tive dating techriique. ‘Three dating methods have been used in project studies
to dater (1) comnarison of the thickness of weathering rinds developed in
cobbles In fluvial terraces of varying age; (2) comparison of the extent af
“etehing of hornbldnde and augite mineral grainsg in soil samples cullected From
terraces of varying age) ahd (3) comparison of X-ray diffractograms of quariz,
feldspar, and clay minerals to define relative ages of sollis and depositbs,

i3y



Of the three methods, only the X-ray studies provided sufficient dis-
tipguishing characteristics to separat¢ soils and/or deposits of varying age,
The approach utilizing weathering rinds suffered from the inhemogeneity of the
rock clasts both with respect to mineral grain size and mineralegy within the
_cobbles examined. The neavy mineral suites separated. for weathering. analysis.
~alsqg HXhlbLth no s;gnjflqant trend “in weathering characteristics when they
were compared to estimated zges of the sampled deposits

§.1.7.1 Weathering Rind Development

Criteria established by Colman (1979) were used to select gravel clasts
for the study of relative thickness of weatnering rinds from gravel d9p0a1b%
‘of varying ages. The selected clasts were of ulmllaF lithology and grain
size, and were collected from comparable soil horizons in the subsurlace.

The B s0il horizon is the preferred horizon because 1t is the zone of mazimum
weathering in the soil profile. Howsver, the B horizon is commonly absent
from profiles developed on deposits in southeastern Utah, so relative rind
“thicknésses were compared on clasts collected from the € soil herizon, Colw
lection of clastg from the ground surface was avoided because of uncertainty
regarding the lengkh of time the clasts had been exposed on the ground sur-
face, and the effect that such exposure may have had on the rale at which the
oxldation rinds developed.

Igneous cobbles were collected from backhoe scil pils excavated in a
series of fluvial terraces in the Spanish Valley correlation area south of
Moab, and in the Cibson Dome arca. At least 25 cobbles were measured at each
locality., The results of the weathering rind studlies and concurrent soil
studies undertaken at Chese locations are deseribed in WCC {1982a, Vols., I
and I1, reapectively) and are summarized below,

Igneous cobbles from the La Sal Mountains were ccllected from the
Beaver Basin, Placer Creek, and Harpole Mezsa deposits in Spanish Valley
(Table 1-1). The projccted age of these gravels ranges from.late bto early
Plelstocenc, Measurements of oxidation rinds developed on the cobhles
_revealed no consistent Leends wikth increasing age of the deposit. (Figure H-8),
Yariability in litheology, spalling of the ouber surfaces of elasts, amnd decel-
eration of Weathering caused by carbonate accumulation on the clasts are
probably responsible Cor the lack of progressive oxidation rind development
with age of the deposit. In addition, the variable truncabion of soil
horizons on successive terraces made it difficult to compare the weabhering
nistories of buried clasts.

Igneous eohbles derived [rom the Abajo Mountains were collected From

the P oor Cea so0il horizons expesad in backhoe soil pito axeavated into Indian
Creek terrades 1n the Gibson Domz arca {Localities 32 to 39). Deapite a
peneeal Licrease in rind thickness with terrace helght above present strean
_ level, the relabive apes of the terraces could ot be vonsistently defined
Cnsing thig technique (WCC, 1982a, Vol .11, p. U-9) (Figure 4.9}, The similars
fty in rind developmont on topographically dissimilar tvrraces may reflect

the rougnly equivalent upes of the deUSLtS and/or spaliing from bhe clast
Jurficos

15&



30— .l.
t
E By
o
z
£ ol
z "
Q 20-
Fr T
: T
g
[T 15
(=]
%
L
g
& 10
T
b
5.-
. | ] I . I

oz Nz o F o ol - E -
8o S ) i 20 B0 §.f
NSl A Kyl £ pa) S!
Do oo 2 v x4 e
ii' = (_:.E Lu‘f. L,ﬁ F’{i EZ fﬁg
] 73 © Ll 'S ab H

o 8 RIg £ 8 s B =5 5 R
To = m = (3 = ¢ 3 22 ==
L b 3 L. oo [: LI A= =
[ § 2 aé z & z 8 e $ 8
a Sz £ i G N g & gg- . o
e S 2a & g 58 4.3

Note:

Cxidation rinds developed on igneous cobbles, derived from the La Sal Mountains,
i terrace duposits in Spanish Valley, Formations waere initially described by Rich-
mond (19621, Atleast 26 clas(s were measured at each locality.

- MAXTMURM

wer MEDIAN
s OXIDATION RINDS;
' ' SPANISHYALLEY .

° '.-Quaiema'r_y _T&picgl' Report

=L MINIMUMY - “LOG 1586
B - o o= REV, 1--2/97/83

Projact Ny, 17000 T e _a_.:;
_J Clyede, C Hariin hgu@ o8

l

.

135



* (s | L

L

]

o
14 —
% 12
£
0
[44
g 1a--
z
<
a
>
o}
5 -
a
W
b 4
w
2
I
oG-
4
2%.
0
I
0
-~ MAXIMUM
o MEDIAN

A MINIMUM

| ! J | I ]

G 47 32 42 40 40 @6 66 86 465 160 f

6
1 1 ! T R T I

1 Y] 1 10 12 12 20 0. 20 32 A
HEIGHT OF TERRACE ABOVE STREAM
Note:

Cobbles are dorived fram porphyritic Intiusives of the Abajo Mountaing
(2% cobbles ware measured at zach site),

INDIAN CREEK TERRACE GRAVELS
T GIBSON DOME AREAT
'Uualerrjgr_:y Tapical Repoi‘ié :

COXIDATION FIND TIICKNESS ]

LOG 1587

Pr;Jiecl No 7000 -+ U 4.9
‘ o Figure 4-.9

REV:1-1/13/2 aoltants




No Furthe; attempts te use wetherlng rind thleknvss as a datLHg method N
were made in the Parqdox Bdbln studles. :

“”f74F177;2 Heavy Mlneral Etchlng

Etuhlng ig a pedogenlc or dlagoneblc process thak involves progressive
solution of detrital mineral grains., Preferred solution parallel to the
cleavage direction of chain gilicates (especially pyroxenes and amphiboles)
creates distinctive, serrabad shapes that become more irregular with time,
Eventually, selective dissolution depleles the less resis’ minerals.,

Recent studies of heavy mineral ctching in soils hav. . .cablished its use
as a relative age indicator for Quaternary deposits in several areas of the
western United States (Crone, 1912; La Fleur, 1972; Shroba, 1972; Gillam
et al., 1977) and in the Canadian Arctic (Locke, 1976). These studies have
concentrated on etching of augite, diopside, hypersthene, and hornblende, and
have established .suscepbibility sequences [or several other minerals,

Etching rates vary with individual minerals, local precipitation, posi-
tion in the soil profile, and the character of the soll environment. In sub-
humid regions, maximum ebching usually oceurs in B horizons (Crone, 1972),
especially in older soils. Shroba (1972} suggested that etehing rates
increase with clay buildup, but La Fleur {1972) concluded that etching rates
decrease with time, particularly in arid regions. Crone (1972) attributed
. decreasing etching rates in K soll bhorizons to the protective role of earbon-
ate mement. In general, etching Iinecreases with parent material age in all
areas studied except near Reno, Nevada (La Fleur, 1972), where annual precip-
© itation is relatively low (170 mm [7 in]). Precipitation is also low in the
Canadian Arctic, but may be more effective as a weathering agent than at Reno
because of low temperatures,

b.1.7.2.1 Sampie-Collection Sites. A feaslbllity study wWas undertaken
for this project to further assess the value of mineral etching as an age
indicator i soils from arid and semiarid regicns of the southwestern United
States. Etching was cvaluated for augite and hornblende separated from
samples collected at 10 sites in four areas discussed in Sections H.1.7.2,1.1
through 4.1.7.2.1.4, These areas are (1) alluvial fans flanking the La Sal
Mountains near Spanish VYalley, (2) alluvial fans in the Abajo Mountains,
{3) the Elk Ridge area of sautheastern Utah, and (4) the Animas River area in
western Colorado and MNew Mexico (Table 1-1, Figure 1-1). Mean annual pre-
cipitation is aimilar in the four arcas, ranging approximately from 200 mm
{8 in) in the lowlands to 500 mm (20 in) in the mountains. The sawplcs were
colleated from relict, composite, and compound soll profiles developed on
loess, alluvial sand, and alluvial gravel deposits thal range from Holocene to
garly Pleistocene in age.

Sites were selocted and sampled during redohhaissance investipations in
1979, Because better age control (based on a combinatlion of glacial correla-
Lions, tephrochronology, maghetostratigraphy, and radiomebric dating) was
available for deposits in the La Sal (Spanish Valley} and Animas River areas,

samples from_ these areas wWene-expected-to-yleld-rates of PtPthL thdL could bc o

used to eutlﬁdtﬂ uhe 2Be uP depo Lta.in_ the-other aveas.
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¥.1.7,2.17.1 La Sal Mountains area.  Samples were collected from three =
sites in Spanish Valley and on the southwestern flank ‘of the La Sal Mountains, -

- - Gravel clasts in deposits at these sites are derived from the La Sal Mountains
and -consist of porphyritic intrusive rocks and miner sedimentary 1ithologies. .. ...

“AtrSiter ! {Priofile 1T Figure 4107 Locality 7, Figure-1-1), “two buried-soils
are-developed in Holocene sandy alluvium and loess deposits. Detritai char-
coal From the lowest unit at this site yielded a radiccarbon date of
1,280+55 years BP (Table 4-6).

The section exposed at Site 2 {Profile 2, Figure #4-10; Locality 23,
Figure 1-1) consists of a sequence of three fine-grained aliuvial units over-
lying alluvial fan gravel. Richmond (1962) mapped the lower gravel unit as
_Placer Creek Formatbion, and the two overlying. fine-grained units as Beaver
Basin Formation. . ' o '

At Site 3 (Profite 3, Figure 4-10; Locality 6, Figure i-1) a moderately
well-developed s0il eonsisting of a textural B horizon overlying a Stage II
. to 111 earbenate horizen-is formed in loess and underlying fluvial terrace
gravels mapped as Placer Creek Formation by Richmond (1962). U-saries
dating of caliche rinds in the gravel unit yislded a probable age of
15,000+1,000 years BP to a maximum age of 72,000+6,000 years BP. Based on
gcll development and the topographic position of the deposit, it appears
that the maximum date more accurately reflects the age of this deposit (Sec-
tion 4.1.6.3). Similarly, measurement of the pedogenic carbonate accumulated
in the soil profile yielded an age estimate of 245,000 to 405,000 years, which
is judged to be too old because the terrace is only 18 to 24 m (60 to 80 ft)
above present stream level (Secktion 4.2.1.1.2).

ho1.7.2.1,2 Animas River area, Deposits of loess and alluvium overly-
ing alluvial sand and gravel were sampled at three sites along the Animas and
San Juan Rivers In szouthwestern Colorado and northwestern New Mexico {Local-
ities 84, 85, and 86, Table 1-1, Figure 1-1). The estimated ages of the
deposits range from Holocenhe to mid-Pleisbocene., Although this area lies
outside the Paradox Basin study area, it was selected as an area where. a
“ragional etching rate could be established because a wide age range of
terracea is present,

In Profile U (Figurc 4-11; Locality 84, Figure 1-1), a buried soil having
an argillie B horizon and Stage I catbonate is developed on alluvial sand
estimated te be equivalent in age to late Bull Lake deposits (approximately
200,000 to 130,000 years BI'), hased on terrace height and correlation with.
‘glacial moraines upstream, Because a slight erosional slope exists at this
gite, the buried scil may not represent maximal soil development. The burled
goil is overlain by colluvium with a weak reliet soil and a Stage II carbonate
morphology,

In Profile % (Figure 4~14; Locality 88, Figute 1-1), the buried soil is
developed on gravel that is estimated to be pre-Bull Lake equivalent in age
on the basis of terrace height, and displays 3tage III carbonate morphology.
This s0il has been truncated and buried by leess. The relict soil developed

-.on the.loess displays-an-argillic B-horizon-and -Cea horizon~with Stage 11777~

_..earbonate merphology . ..Profile @6 (Figure 4-11-Locality -86; Figure =1}~
expuses loess underlaln by a-tining-upward sequence of gravel and sandy. - -
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alluvium, Lava Crock B (Pearlette'"O“) ash {approximately 620,000 years otd

[Gillam et .al., 1985; Izett and Wilcox, 1982}}) is exposed in the upper part of -

- the alluviim. The relict soil developed on thede depodits contains an

cargilli

¢ B horizon and a Cea horizon with Stage Il sarbonate mqrphc%qu: ”:‘t.

h.1.7.2.1.3 Abajo Mountain area, Samples for hcavy minerdl analysis
Wwere analyzed from one site near Dlanding, on the eastern flank of the Abajo
Meuntains area. Deposits at Chis site (Profils 7, Figure 4-12; Locality 5i,
Figure 1-1) consist of loess capping alluvial fan gravel, which, based on
paleomagnetic data (Section 4.1.5), is estimated to have been deposited before
‘0.73 million years ago. Soils developed on the c¢rerlying loess are estimated

‘to be ab. least equivalent in ages t..those on Bull lake .deposits. ' Gravel-in ... .-
"this deposit consists predominantly of lgneous lithologies from the fbajo

Mountains and a few sedimentary clasts,

L7218 ELk Ridge area. -Samples were colleoted at two sites (Local-

ities 69 and 80, Figure 1-1) along Cobtonwood Wash in the Elk Ridge area where
alluvial terrace deposits of probable Pinedale equivalent apge (approximately
130,000 to 10,000 years BP; Table #-16), based on terrace height and soil
profile devclopment, are overlain by Helocene loess. Gravel clasts in thess
deposits conslst of porphyritic intiuaive rock from the Abajo Mountains, and
various sedimentary lithologiss, Soil profiles {Profiles 8§ and 9) for these
sites are shown on Figure 4-12. '

4.1.7.2.2 Laboratory Procegdures. The procedures used in sampig prepara-
tion and analyals for the heavy mineral etching dating method are described in
WCC (1980). Because previcus studies have shown that etching is usually
greatest in B soil horizons (La Fleur, 1972 Gillam et al,, 1977), samples
from these horizons were examined in this study whercver possible. I a
B horizon was absent because of immaturity or truncation of the soil, the A
and/or C-horizons were examined. Mineral grains from the C and A horizons
were also examined Lo assess stching at greater depths in the soil profile and
the possible reeyeling of etched graing from one deposit to anothar. "

The degree of hornblende and augite etching was assessed using the
following two different methods:

1.

Subjestive assignment of etehing class ("loose grain method"). Loose
gralns from the nonmagnetic heavy mineral fraction of each sample
were examined under a blnocular wmicroscope, and etching assighments
were hased on a Y-class visual scale of overall grain shape and rela-
Live length of ¢tching terminations (Gillam et al., 1977). A similar
technigue based cn a 10-class gcale was used by Shroba (1972) and La
Frleur (1972},

Measurement of maximum etching depth. The nonmagnstic heavy mineral
fraection of each sample was permancntly mounted on a glass slide, and
maximum etching depth was measured in {-u inerements uaing an oculae
~micrometer... Locke (1976) -developed -this-procedure. using-6-5-u

. inerements. . .o .

3
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During examination of the permanent grain mounts, it was noted that _
grinding involved in preparation of the permanent glass slides.had altered the
appearance .of etching terminations ‘in some samples, 'Therefore, the maximum

- etching depth was also measured for selected samples: using temporary oil

',wmounto. Because of. time. conbtralnts,,thls proeeduro was-limited primapily-to-.- o

“*'Isamp1es ‘friom the LA Sal: Mountains-area; which-were: considered to represcnt the

" best potential for demonstrating progressive Ptcthg with increasing relative
age, :

4.,1.7.2.3 Regulis. Graphs showing etching versus relative age are
presented on Figures #-13 through 4«15, Samoles from the Animas River and
La Sal Mountains provided the most useful data because augite was virtually
absent ‘in samples from the Abajo Mountains and adjacent Elk Ridge areas.
Although this absence may reflect the small siue of some of these samples, it
ig mere likely that augite is simply absent in the source area. It was not
possible to analyze the smaller samples using hoth the etching class and
Max Lnum ctonlng depth methods.

As expected because of work done in other reglions, the modal class of
augite etehing nearly always exceeded the modal class of hornblende etching,
although the ebtching ranges For the 10th to 8Uth percentiles commonly over-
lapped (Flgures 4-13 and 4-14). By the loose grain methed, maximum hornblende
eteching was slight and most samples displayed no etching, whereas augite
etehing was slight or moderat:. By the permanent and oil mount methods,
hornblende etching generally ranged from O to U u, but sometimes reachad a
depth of '8 u, Nugite etching was usually 8§ p or less, bubt one szmple
displayed an etching depth of 16 y, '

Etehing increased slightly with the relative age of deposits only in the
Animas Biver area. Modal hornblende stehing is slight (between Q and U u) in
Sample Ca (Figure #-14) from loess overlying the approximately 610,000~year-
old Lava Creek ash deposit (Profile &, Figure 4-11}, compared with the slight
ebching in deposits approximately 500,000 years old from the Colorado Front
Range (Crone, 1972}, and the roughly 3.5 p-mean-maximum etching depth in pre-
Wisconsinan (pre-Pinedale ?) samples from the Canadian Arctic (Locke, 1976),

Modal augite etehing in the same sample is mederate, between 4 and 8 y.
This is a low value ccmpared to previous data for pre-~Wisconsinan soils
(2.5 u for a sample collected east of Reno, Nevada [La Fleur, 1972]; 20 u
‘at ‘Wallowa fake, Oregon [Shiroba, 1972]; and 35 u in the eastern Sierra Nevada
[La Fleur, 19721},

In samples from the La Sal and Abajo Mountalns areas, neither mineral
digplars trends with age when etching is measured by the loose grain or
permanaent mount methods (Flgures 4-13 and U-15), However, the oil-mount data
display weak lrends for both minerals; the best trend was obhserved for augite
etehing in a serfes of stacked solls in Profile 2 of the La Sal Mountalnsz area
{Flgure 4-13). The similar modal etehing displayed by the surface soil '
(Sample 2a) and the buried solls developed on older depesits {Samples 2o
and 2d) in thils same secbion sugges™ that some cbched grains were recyclud

from older soils, Recyeling is likely, considering that the Fine-grained Fill -

- deposits -in channels on-the fan~at-this gsite are probably ‘darived in ]arge
_part from nparby Placer Pruek dcpcgltu, which maﬂtle mOoL of the Fan B

.'1!tf(
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Statiatical analysis ol the ctching data for the Animas River and La 3al
" Mountains areas indicates that a suffleient aumber of grains per sanple wore

4.1.7.2.0 Summary. The poor tiends of mineral ctching with age for

samples [rom the Animas River and La Sal Mountalng areas are atbtribubed
primariiy to Lhe low level of precipilation {(approximately 200 mm [8 in} per
year at most sites), which has retarded differential etching with respect to
age and pedotogic Factors. N protective coating of pedogenic carbonate on
mineral grains could alse retard the etcehing process,  In addition, uncer-
tainties in relative age estlmates, different weathering histories for buried

Cand.relict solls on parent materials of simklar age, and recycling of atched
grains probably contributed to the povr btronds exbibited by the La Sal
Mountains sampiea. Although the data for the Abajo Mountains and Elk Ridge
areas werc insufficient to evaluate posaible age Lrends, the appareni rates of
ebeching appeared comparable . to those measured Cor-the Animas [iver and La Sal
Mountains ureas, '

Because of the apparently slow rates of etehing in the four arsas studied
and the apparent pawecity of auglite in gsource rocks [rom the Abajo Mountains,
further evalvabion or use of this method ay a relative dating technique in
southeastern Utah is not justified.

.1,7.3 %-Ray Analysis

L-ray diffraction patterns of minerals. in pedogenic units have buen used
Lo define and distinguish Quaternary soils and/or deposits of different ages
(Isherwood, 197%; Markos, 1977; Havrpster, 1981), Like weathering rind devel-
apment -and heavy mineral ckbehing, Lhis method is based on the premise that the
structure of minerals within a soil changes toward equilibrium with the soil
selution, and that the edlent o which this equilibrium condition is met is
time dependent.

Previous invostigators have ubilized (1) normalized ratios of the
height of specifie Celdspar (1) and quartz {Q) peaks of K-ray diffractograms
(Isherwood, 19755 Markos, 1977)5 and {2) dillractogram patterns ol alay

minerals- (Harpster, 16817 to eatablish relative apes ol Quaberrary defosits,

Esharwoud (1975) demonstrated a constant tnorease in PrQ weathering
ratios with depth in the majority of the Arctic soil profiles Lhat she
examined, in depasits ranging in age from pre-Wisconsinan to Neoglasial,
Similarly, Berry (1984) Pourtt a progressive Grend in weathering ratios with
age for suil associations (eatenas) developed in glacial moraines In idaho,
where average preciplbation 1 90 cm (3% fn) and average Lomperature is 2°0
(35.6°F), N '

fin alternative use of X-ray JdifTraction data collected from pedoponic
horizons is suggested by Harpster (4981). 1n an examination ol clay patlerns,
Harpstar is able bo see diatinetivi changes in.reflection spaceng, and in the =~
Tintengity and shape of individual mineral peaks when the.patberns are stovked

1)



to corvespond to depth below ground. surlace. These ehanges,eonréspond either
tc changes in the parent material -or to pedogenic subdivisions: :

Glyeolated and heat-treated clay mounts are the mast senditive and useful =

mof the ¥-ray analytical techiiguesfor these Studies:: However, oniy the silt- -
--slze fraction'was separated for the X-ray analysis, so the clay minerals were

thecretically not included in the retained sample fraction. Therefore,
although comparison of K-ray diffraction patterns had not previously been
applied to quartz and plagioeclase X-ray data, the X-ray patterns run by Coors
3pectrochemieal Laboratory In Golden, Colorade, for the P/Q weathering ratios
were examined bo assess whether Lhese two minerals exhibit distinctive changes
comparable to those previously reperted Tor clay minerals in soil prefiles,

g.1.7.3.1 Sampling Procedures. The silt-size fraction was separated
from soil samples of specilied horizons following particle size analyses in
the laboratory. The selected samples were from the B soil horizons, where
weathering should be maximized; from-the uppermest € or K harizons, whers the
B horizon nhad been removed by erosion; and from the basal soil units, which
were congidered representative of the parent material., Because the original
samples were collected for pedogenic studies {such as those reported in Sec-
tion 4.1.1), they were composite or trench sampies that incorporated as much
as 20 vertical em (8 in} of the soil horizon.

b.1.7.3.2 Laborakory and Analybtical Procadures, Laboratory methods used
to derive P/Q weatbering ratios for this project were daveloped from those
ubilized by Isherwood (1975) and Markcs (1977). The silt samples were
initially X-rayed by Coors Spectrochemical Laboratory in Gelden, Colorada.
The samples were split into triplicate subsamples at the laboratory. Tripli-
cabe runs were therefcre made Per each sample to address potential peak height
variability caused by grain orientation durirg measurement, or by sample
preparation. Diffractograms were produced for each subzample for bhe span
betwzen 18 and 32 degrees 28, Following examination of the data, another
split of the same silt-gige samples was run at the WCC Core Facllity in
Denver, Colorade, in ofder to obtain the dilfraction peaks between ? and
312 degrees 26 for each sample.. Clay mounts were also made from the silt-size
gamples from aix sites bo evaluate whether sufficlent clay minerals remained
in the samples to produce diffraction patterns suitable for evaluation. The
clay mounts were not glycoluted or heat-treated. Clay peaks at 7, 9, and
13 angstrons were examined,

Analysis of quartz and feldspar ¥~ray patterns invelves measurement of

the intensity of prominent peaks of Both minerals. The intensity value is a
itnear measurement of the height ol the diffraction peak minug the background,
The calculation of the weathering ratic (P/Q) of Isherwood (197%) and Markos
(1977) uses the intensity of the quartz (Q) pesk at 20.8 deprees 20, and the
fPeldspar (P) peak at 28,0 dépgrees 29, 7 During analysis of the Coors diffrace
tograms, bthe two or three most similar feldspar/quartsz ratlics for each sample
were averaged to caloulabe the P/G value for a. soll horigon,

=i i Che comparbson-of--K-ray-dilfraction patterns, as reparted by lHarpster”

(jgs]lmﬁbh@TXfPﬁy-PQELQFH$;HEP@~SLHUkEg_by;ﬁpbthﬂﬂnd'lﬂleCdeith'bh@ peddeye e

gonic hopizon nomencls

Ure recorded on-the soil profile.log, or:determined
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from laboratory analyses. :The refleetion spacing and the shape and intensity
- wf specific diffraction peaks were noted, and the follewing seven X-ray peaks
- were selected to characterize the sample patterns: quartz at 4.204; plagle-

_clase at 3,194, 3.674A, and 4. (134 orthoclase at 3.788f_ and. 3.871A; and.- llliteql~¢ ﬁ4

TTAE UTHGA T ntenblty values For these peaky versus depth were plottad FO1 éach’
locality.

H.1.7.3.3, Reproducibility of X-ray Data. Reproducibility of the
laboratory data was evaluated by comparing ezch plagioclase and quartz peak
height measurement of a triplicate subset with the mean peak height calculated
for that sample.for the respective minerals. Peak helght values for plagio-

. elase Wwere within 10 percent of the mean for 35 percent.cf. the sanmplés, and'"m””" 

within 20 percent of the mean for 67 percent of the samples. For the guartz
measurements, 61 percent of the measurements werc within 10 percent of the
mean caleulated for each sampie, and 8Y4 percent were within 20 pereent,
Maximum difference for plagioclasce measurements was 78 percent, whereas the
maximum difference for the quarts data was 42 percent.

This analyslis demonstrates the variability in Lhe X-ray daka, particu-
larly for the plagioclase peak thal was used in the weathering ratio. Incorp-
oration of the potential error range of these data into the calculation of the
weatherling ratios for a QOLl profiile improves the results for individual scil
prof'iles, :

4.1.7.3.4 Results., The X-ray diffraction data were used to derive P/Q
weathering ratios, and Lo compare diffractogram patterns as a eorrelation and
relative dating method.

1.7.3.4.1 P/Q wealhering ratlos, The P/Q weathering values obtained
for the Paradox Bagin samples are listed in Table 4-17. The data from the
Spanish Valley and Gibsorn Dome localities are arranged as progressively older
deposits or terraces, The weathering index, W (Table 417}, eliminates-the -
“yariation in soil parent waterla) between sites by expressing the P/Q ratio
_for each s0ll horizon sample as a ratio to the P/Q value of the parent
material gt that lecation. Thus,

' W . 4E/Q) sample
T (P/Q) parent material

Many of the soll profiles examined during this project developed in a
camposite of parent materials, An exposure may vary in complexity from a
younger aolian unit overlying an older gravel deposlt te up to four different
depositional units containing two te three solls, as deflned by field observa-
tion and soll laboratory analyses, - The weathering indexes shown Ln Table 4-1%
are normalized to the lowest 9amplc analyzed For each soil profile. Begausc
’-ﬂdﬂj were nobt-des ollhod HE beLn; T &N ung
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Table M.17. Plagloclaae/Quavtz (P/Q) wnatherlng Ratlos
' _(Page 1 of 3)

Looality .. Formation'®) . . gample U ltHorizonm . #/@ W "";.aemap»am
SPANISH VALLEY
8 Modern =1 0.532 Fine-gralned
: 1-2 0.104 . alluvial
16 Upper Member, ~5-6 S 2CTea T 0.319 7116
Beaver Basin 55 2030x o 0.271 1.0
18 Lower Member, 4-3 Bzcé 0.365 0,43 " Eolian
Beavar Basin 4  2B3aa 0.658 1.
4-19Q 3C2ca 0.641% 1.
15 Upper Member, 3-1 A 0.u31 Eolian
Plaacer Creck 3-2 B 0,341 Eolian
3-7 2C1eab 0.31% 0,80
3-9 2C2cab 0.634 1.62
3=11 2C3cacab o.U53 0 1,15
5-6 2C30xb 0.u43 .12
3-13 . 2Cloxh 0.395 1.0
19 Lower Membear, 7-7 2K : 1.35H4 2,06
Placer Creek 7-¢ 2C1eab 1.387 2.1
720 2C3csd 0.656 1.0
17 Lower Member, &3 2K 2mb 0.682 1.94
: Flacer Creek 6-5 - 2C1cacab 0.753 2.15
: 6-11,20 2C3esb 0.351 1.0
20 Middle Member, 16-5 ~ 2KZmb (. 937 0.89
Harpole Mesa 168 2C1oagsh 0.582  0.5%
: 16-9 AlPoab 0.679 0.65
16~ 10 3Cq0x%b - 0.875 0.83
16-16 3CUoxb 0.860 .82
16-18, 21 3CHoxb o 1.052 1.0
21 Middle Member, 17-8 2Kah 0.880 2,12
' Harpole Meaa 17-10 201 acsb 0.989 2.38
17-12 3Blesbh? 0.687 1.66
17-13 3Bleahre 0.738 1.18
17-14 3B2tesh?2 0 369 9.89
17-20,30 UB31cab2 0.329 0.79
1723 IB331cabs 0,466 1,12
17-25 NB32b2 0.M14 1,0
17-26 MCoxb2 . 015 1.0
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Table #-17. P]ap]aclaqeluuartz (p/Q) WGathering Tabioa
i : (Page 2 of 3)

" Liocality "Fopmatidﬂ(a) o SaMﬁlé ﬁéhizoﬁ o P/ W ﬂ@murks(b)

14 Lower Member, 18-1 . A 0,345 . Follian
Harpole Mesa 18-~-2 Btea 0.229 : Eoldan
18..0 C2Ca 0.2%5 . Folian
1810 2K22mb 0680 ' L
18=12 - o 2K 3imb ©0.58% -7 Parent
Material

P/Q unknown

GLBSON DOME TERRACLS

32 8 (26) 143 F21T 0.265 0.34 Zolian
_ 14-8 2Ctea 0,292  0.37
1410 20208 0.787 1.0
33 10 {32) C 155 2C1ea 0,381 Q.07
157 ZC30x 0.804 1,0 _
34 10 (32) B 2B2toa . 0.331 1,40  Eolian
13-6 I2ea lo.231 1.0
35 12 (Lo) ! 2Cl0a -/ 0.273  1.37
S 1245, 16 2C2ca / 0.199 1.0
Ciaeizs 3CHox S G199 1.0
! .
30 T2 (a0 fi=1,10 Avea / 0.380 1.1 Follan
LAECEE HZ1bea 0.589 1,88 Eolian
Ty B2dtoa 0,516 1.65 fiolian
P18 2B23koa 0.249 0.8 Eollan
117 - 2Clea / 0.243  0.78 fol1an
-9 33x [ 0,313 1.0 :

37 20 (66) 106,15  UClhea / 0,280 0,74
' 10-8 IC5ca /- 0,388 1.0
38 20 (66) 9.2 Bl 0,313 047 Eolian
' 9.1 © Clea 0,326 0,49 Eollian
9.1 Pelen) 0,314 0,48
9y C a0hos G.660 1,0
39 32 (105%) g..2 01 0.332  0.76 fFollan
B3 7 N 0.287 0,64 Bolian
8-11 2020a - 0.5145 T 15
T T < T R P 11 | S TV

155



Tablo 4-17. * Plagicolase/Quarty (P/Q) Weablioring Rabios
{Page 3 of 3)

- Goeality: - Formation'®) " P/Q W Remarks{®loco
URANIUM MTLL SITE, WHITE MESA
12 21-3 Clea 0.351 1,04  Rolian
21-5,15  Clea 0,304 0,90  Eollan
21-6  C3ca 0.257 0.76  Eolian
21-8. 2Bteab 0.340. 1.02 Eollan.
21-10 2C leab - 0,202 0,60 folian

21-11 20 2cab 0,338 1.0 Eolian

(a)} Stratigraphie relationships ars shown on Table 4-16,
Locallties shown on Flgure 1-1, and listed in Table 1-1.

(h) X-ray analysis was made on silt-size wmaterlal separabted from gravel
alluvium, unleas obtherwiae abtated.
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these basal units are not altways acecurate representations ol the parent
material as deflined by Isherwood (1975). However, the normalized values do

" demonstrdate. the trend (or lack thereol) ol Lhe. data

'“If'minéPaYS“Th'thf_ ZOne 'de thu uontlnu1Ly u[ Lho

o The trend. ubbuxvod by [bhorwnod (1975) of -an - inérease-in- P/Q weather="-
'Lng ratios, with” depth Is obssrved “in-dala rom only o 01 Lhe 18 sites
examined for the Paradox Basin study (loecalities 32, 33, 37, and 38). How-
ever, only two samples [rom depesits at Localities 32 and 37 were analyzed
{'lable #-17), so the Lrend assessment can be considered only tentative. Some
other trends do appear in the P/Q ratios; low P/Q valucs (<0.5) are generally
from eolian unikts, whereas some of' the highest values are associated with the
K soil horizons. Compared with the caicrete horizons, which may protect
enclosed grains from Lhe wealhering process, the plagicclase.in eocllan silt
“Cappears mwore apt. ta he Weidthered, of to econsist of woathorﬁd {(recycied)
plagioclase grains

The inconsistency in the P/Q weathering data for scils in scutheascern
Utah may be duc to several facbors. The wealhering. process in bthe soil may be
complicated by muleiple parcent materialg having veaoriable lithologies, and by
bthe formation of calele soils in thegse deposits. These complexilies have
probably been sufficlent to disrupt indicators of weathering processes that
arg a function only of depth in a profile. Additionally, rainfall mway not be
sufficient lor the minerals to weathcr in a mammer comparable to that in areas
where the method has been reported as showing definite trends with depkbh in
the soil profile.

The samples submitted for this preliminary analysis represented only
portions of the entire soil profile at each silte; however, the data were
suflficlent to demonstrate the lack of the expected trend ab these locations,
Therefore, this particular application of X-ray dil'fraction dala was not
pursued Curther, : :

I.1.7.3.4.2 ¥-ray diffraction patterns. Quarty and Teldspar data Crom
gix s0il Lest plb sites in the 3parnish Valley corrclation area were examingd
as-a-preliminary evaluation of Ehe use . of X-ray diffraction -patborns- as a
correlabion and relabive dating technique. Field and labotatery soil data had
previously been collected and reported lor these sikes (WCC, 1982a, Vols, 1
and and V), At localitiey where data were suflicient to make comparative
asgessmenty, the treonds or proupings ol Intensity values for the quarty and
Feldspar data correspond with the pedogenic or depositional zonations pro-
viously recopgnized [or these sites, AL Loealibty 21 (Figure 0-16), lor
crample, at least three noticeable chanpges in intensity values and patterns
ol different X-ray peaks appear within the soil profile.

The soil prolile lor Locality 21 (Figure 1-17) had previouwsly bheen
degeribed as indicabive of a comples depositional history at that location,
(WCC, 1982a, Vol. 1, p. 3-10). On Lhe basis of bhe-soil laboratory data
{(Figurz N-17), o chaupe in pavent nabetial was identified ab a depth of 3.25 m
(0.7 L) within Lhe anowalously clay-rien interval in the bottom hall of the
expostire,  The K-ray data (Figure 1-16) strongly support a more shallow parent
materiol boundary at 2.8 m. (9.9 [t), whore thp clay content inereases from
10 to 30 pereent.  The highe | r}=rpl1btochv
Vti llti‘:§ Wi tll

puhy are nobt
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characteristi 2 of a. pedogcnic B horlzon' however, and support the hypothesis
that the glay -rich zone-in thla CHpO%uro mdy be. dopOSLclonal rather than
JedogenLc in urlgtn.

: "Mo.s'ti”o't“,ii Brie ¢ lay. K=Fay data did hot show any consistent trends Wilh deprr
“or ‘seil horizom, probably becausc miost of the elays {probably 90 perfeent} had
been removed in Lhe laboratory, and the remaining amount did not provide a
complete picture. The clay data at Locality 1% provide an indication of the
type of data that could be obtained using this technique {Figure 4-18), The
stacked intensity peaks vacy with depth, mimicking the btrends seen in the
quartz and Feldspar data.

) ~In -gummary., the plagloclagz and  quartz data in ¥-ray. dltfractoprams
'dpped! to be as useful as clay data in delineating weathering and depositional
trends with depth. The specific nature of [nterpreted contacts can also
commonly be identified by the characteristies of the X-ray trends. A deposi-
ticnal contact is likely to correspond with an abrupt change in curve charac-
teristios, whereas a pedogenic boundary is more apt to bhe-transitional. The
quartz peak at 4.2U4 and a plagioclase peak at 3,194 exhibit the most variable
intensity In a soil profilc compared to other ¢uartz and feldspar peaks, and
therefore appear Lo be the most sensitive indicators ol change with depth in
this study. At the present time, comparison of actual intensity values of
specific soil horizons (e.g., 2Coca or Phost) from deposits of inereasing
age doey not provide a clear and definite trend with age. llowever, the
overall tendency is for the lnLenblLy values of the guartz and plapLoclaqp
-mineraly to decrease with age

N oprogram Lnal uses X-ray diffraction data to identify pedogenie
horizons and Lo delineate depositional units and erosional cveonts in Quater-
nary deposits should inhelude X-ray analysis for quartz, Celdspar, and clay
minerals,  To fully maximize the potential of this technigue, samples should
be collected From elogely spaced point locations within each pedogenic or
depositional nnit ol interest., A minimum recommended sample Interval is 15 cm
(6 in); at least three sampies should be collected from each soil horizon, A
complete X-ray analysis program should aiso 1nc1udﬁ glycolated and heat-
treated samples Lo distinguish clay minerals,

11,8 Topographic Pogition

The topographic potsitions of Qualernary terrace deposils and surfacos
above present stream level provide.a means of Assessing their relative ages,
particularly in an arca such as the Colorado Platcau, where reliel is high and
stream incision has occurred for hundreds of thousands of years. @ mea” - of
independently and accurately dating the Lerraces is commonly ncb availa Y, 5O
Lerrace helpht (Lopographic pesition) and leng~term incision rakes, used .n
cnniunoLlun unLh other dating Luv}mlques such as pedogenesig and TL dating,
have been used to asgess apes of doposits in Lhe study dreas, © A quantitative
age can be estinated for Quai@rnury maberials i a long-term incision rate can
be caleutated for a particular drainage, or for 4 region as a whole, Tho most
dofinitive rates are derived lot avens whore deposits bthat can.be dated: iy
gome obhai- means,.. such.as.radiometric datdng ol a-voleanie ashy-are incorps
orated dnariver § so deposil, An ape . esbinate. 1o derd ved. by dividing the-

Choight of @ depos supFlaee aboye prosant’ stiaam leupl by the: Aneision Lo
Cealeuldited Cobthe red, o . Co o '
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A long-term incislion rate encompa”" srorter torm p@rturba iong influ--
“enced by climatic ehdanges and vapiable. OPOdlbllity of-succegsiv irock:
~strata< For exampley many of the deposits availidble For study. in
“interest to thix picject are Tluvial terrdces that probakly formed in response
to glacial and perigiacial processes at higher elevations. During such
periods, incigion iLs apt fo he episodic as streams adjust to variations in .
losd and discharse. '

A conservative icng~term incision rate of 0.24 m (0.8 ft) per 1,000 years
has been calculatod Lok rhe ma jor rivery (Colerago, San Juan, and hrﬁ@ﬂ
Rivers ) inthe Paradex HBasin region (WO, 1983). This value Ls based on
geomorphic positions of Qualernary deposits and their estimated ages, as
regported in the literature for the Colourado River Basin in Utah, Colorado,

- narthwestern New Maxlico, andg northern Arizona, und as derived lrom this study,
Maximum ineision rales, caleuiated by assuming minimum apges of deposits using

“reverged magnetic polarity and Stage iV to V ppdopenic carbonabe accumulation,

are oo the same order of magnibude as this rate (WCC, 1982a, Vol. 1, p 3-20)},

In tectonically actlve areas, or arcas thal are subsiding as a resuilt ol
salt flowage, dissclubtion, or sceme obther cause, topographic posibion may not
provide the acourate relabive ages Por a deposit. However, once an anomalous
condition is recopnized, relative Clevations can provide insight into the
amourt of deformation, and perhaps into the rate abt which deformation is
oceurring. ' '

0,2 AGE DATING RESULTS OF SELECTED AREAS

Samples were collected for multiple apge dating methods whenever a suf-
fieient ameunt of appropriate materials was present at an individual locality.
Collecting sufficient material was particularly important when the. exposure
was a backhoe soil pit that would be refilled after the deseripbion and
sampl ing were finished, The age dating program -was constantly evoiving during
the Paradox Basin study and some methods, such as M. dating, did not become

-avallable on a commercial basig until widway tnrough the project, Therelora,
although adequale and sufficicnt uﬁmpICb might have been available in soil
profiles euposed by backhoe early in the project, either no suitanle gamples
weére collected for later analysis by the new dating technique, or some uselul.
material was collected, but was not the optimum samele For that ncthod,
Meaglrement of pedopﬁnLc carbonate in the exposure is the only datkng mathod
that was univeraally applied at most of the soil profile logalities, When 7.
analysis became availerhle, stored samples From previously deseribed localitics
were submitted in orole to have some independent GVdJUdtiOh of the soil
¢arbonate ages,

Resulbs of the-dating program can-be compared for arsas where dutid from
miltiple beehniques ore available. . These areas include the Spanish Valley
correlatinn avea and vielnity, Ino]udtng Grecn River bterraces; the Gibson Dome
area and viecinity; and the Elk Ridge area and vicioity, including the Blanding
area gud Colorado River berraces. Initial detailed samﬁllng and cnalysis of
.the. chronostratographic unitssin Spanlsh VallEy- ween oomptﬂted bo develop a ™~
means, of -asseisitg the-upz-of Quaternary denozits elsewhere in the Paradox’
“Basin,. (OHparablv nvallatlon were.Latﬂr mads-ai soil prof'iley deveitved in

he -areas-of



. carbonate influx rates. . . -

Quaternary deposits in the Gibson Dome and Elk Ridge study areas. Deposits

west of the Green River were cxamined to enhance the data base For long-term

4§.2.1 3panish Valley and Vieinity

Soils and Quatervary deposits were examined and sampled for a series of
fluvial terrace deposita in Spanish Valley (primarlly exposed in backhoe
tranches excavated for this study)}; in natural exposures of terrace and other
fluvial deposits west of the CGreen iver Canyon; and in deposits exposed in

“Barblett Wash ‘northweslk of Moah,

H.2.1.01 Spanish Valtey

Ciassical correlations of deposits require a bype section of similap
stratigraphy that has been chronologically and iithologically defined by
previous workers. In thes late 1950s, Richmond (1062) established a Quaternary
stratigraphy for the La Sal! Mountains ard vicinity; his chronology provided
the needed correlation for the Paradox Basin study (Table 4-16), The Spanish
Valley area on btha northwest side of the [a Sal Mountains (southeast of Moab)
was selected as a correlation area for this project becausc it contains a good
saquence of [luvial terrace deposits of late and middle Pleistocene age, and
because it is similar to the Gibson Dome and Elk Ridge study areas with
respect to climate, elevation, and deposits, The terrace deposits, for
exarmple, have similar parent lithelogies and textures in all threoo areas,

The rate of soil Pformation in the 3panish Valley area should therefore pe
comparable to that in the other study areas.

The bulk of the age dating studies done in Spanish Valley were focused on
Fiuvial terrace depusits along Pack. Creek, southeast of Moab (WCC, 1982a,
Vol. I) (Figure H-19), Additional data we.e also collected for two other
Spanish Valley locations! a gravel pit near Moab {Locality.b), and a
permeability pit for a gravel operation in bhe center of the valley
{Loeality 13). These Lwo sites were pot studied in the detail given the
berrace deposits, bubl they were ased to fuether compare and evaluate age
dating methods. . S . S .

M. 1,101 $panish Valley Cocrelulion Terragts, Localities 14, and 16
Lo 21, Almost all of the dating bechniques deseribed in Seetion 4.1 were
applied to the deposits in che Spanish Vdalley coerrelation arveas. Topograptic
position, pedogenic properties, and TL dating provided the most consistent
neans of age assessment of Lhese deposils and are desepibed in this section,
In addition, depositional and pedrgenic boundaries, interpreted from X-ray
dilfractograns, correlate with Spanish Valley soil profiles developed from
Field and particle size data. Dating methcds based cn amino acid analyses. ou
solls, weathering rind measurements, and weathering of heavy mineral grains
wereg judggd to be inconclusive for the area. No material suitable for radio-

earbon analysis oramine adid " aialygig o7 svail shells way found (1 Lhe
wcorrelationgterraces :in=3panish-Vatley 7o e R et
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_ fge cstimates babed on LdlClC 80il- development in-the Spanish Ualley
_Lorreidtlon terraces wers reported in WCC; 1982a {Vol. [),.=nd are ‘colipared

“with derived TL dates -in Table 4-18. Age estimates based on the height of . the;;m; m

.terraces. abave present- stream-leyel- (LopographLL pD&lthn) are.givenin-

fable =10 Inta comparlson of the three data selbs, sofme correlations are

cevident ., " The amount of pedogenic carbonate accumniated in a profile and the
derived TL dates genecally increase as the height of the deposit above present
-stream level increases. However, this relationship is complicated in the
middle of Spanish Valley by tectonics, or salt llowage, or dissolution and -
.subsidence; and older deposits are buried by younger material (WCC, 1982a,

Vol I). Although the terracc deposits commonly congist of fine- gralned

A(possibly colian) deposits gvar- coarse gravel ; the Lnterpretation: reached in - -

Cipedologic Studies 1s that only one soll has developed in Lhé compocite
depesits on terraces bhat are lale Placer Creek or younger in age,

Depesits of gravel and eolian material thab underlie two terrace
remnants {Localities 16 and 18; Figure 4--19) of Seaver Basin age (appiroxi-
mately 130,000 to 10,000 years BP) have TL ages of 11,900+760 years BP for

~the [inc-grained deposits, and 9,290+700 and M2,u00t2,770 yeara BP for the
gravel deposits. Caleie soil derlived dates range From 30,000 to 60,000 years,
These dates are consistent with Riehmond's (1962) age assigmment of late
Plcistocene tn the Beaver [osin Formation, and with the inferred correlation
with Pinedale deposits in the Rocky Mountain region {Colman and Pierce, 1977;
Table 4-16). However, the two younger TL dabtes are near the Holocang/late
Pieiastocene boundary, and are thought to he too young for the deposit. Thege
dates may reflect the contamlnation by younger eoclian fine- gralned particles
that have fllLergd dowanrd into the sample horizon,

Dep051ts of .Lhe Placer Creek Formatlon (approx1mately 200,000 to
130,000 years in age) are readily separable from the Beaver Basin deposits
on the basis of better caleic soll dovelopment (WCC, 1982a, Vol. 1), The
Placer Creek doeposits yielded significantly older TL dates, which ranged from
- 108,000+8,400 to 238,310+18,5200 years BP in age, from three terrace remnants
in Spanish Valley (Loealities 15, 17, and 19, Table #-18). Caloic soil dates
derived-from the same exposure ranged [rom 145,000 to 255,000, These dates:
are in agreement with recent ages assipned bo correlative Bull Lake deposits
in the Rocky Mountain reglon {Colman and Pierce, 1981, Shroba, 1982, Shroba
el al., 1983). When the calcic soil and TL dates are compared by sample
Cleeality (Table 4218), the L dates are younrer than the caleic soll dafes ab
two of Lthe three sampled locations.

Deposits oF the middle member of the Harpole Mesa Furmation, con-
sidered mid-Pleistocene {(approximately 730,000 to 300,000 yearu) in age
(Richmond, 1962; Table Y-i0), were sampled [rom Lwo backhoe pits (Local-
ltics 20 and 21, Figure 4-19), The derived 'I'L dates sre more varlable thap
thosa for the younger deposits, and some dates are signhificantly younger than
the inlferred age for this formation (Tables '-16 and 4-18). Three of tl2
5in dates are indicative of the cxpected age of -the deposit (»200,000,
»315,000, 319,000+37,000 years); howaver, reproducibjlity of these data is
poor (Tahles H4-10 and 4-18). Thé results of two duplicate data sets from
looai]tles 20 and 21 consist of a young. date (67,60045, 360 years and

SAEN, 210510 ) 370 years) and o much_older date. (> 315 OOO and 319,000 yeans) ‘.
?-Hoth St or %1mples were Lullected w;thn 0.2 m (0,5.0L). of-the baze :of the -
ovar by ing 'nollan d?pOHIfS, ‘and pprhap wbte_nunhomopeneousiy contaminated. by
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- Pines that mnved gnwnward through the grqvel from: the younger overburdan. 1hef

yo;nger dates.are: judged Lo be.crroneous for the.deposils;: the: older datﬂs e e

Tmore aceuritely raflect the dge inférred for the deposit.

Age estimates based on caleic soil development at Localities 20 and 21
are comparable Lo the younger TL dates., Caleic soils in the deposiks of the
middle member of Harpole Mesa are similar to those developed in the lower
member of the Placer Creek alluvium, and the carbonate accumulation ages of
115,000 to 275,000 years {Tablc 4-18) are much younger than the expected age
of the deposits, A buried clay-rich stralum approximately 2 m {6 FL) thick

‘ab Localily 271 "wids™ orlglnaily thought Lo be a buried soil: thig interpretavion -

iz supported hy the amino acid data {Section 4,1.4.3.2)., However, the uni-
Formly high clay content throughout the profile (WCC, 1982a, VYol. I, p. 3-13)
and the recently examined X-ray diffraction data for the soil-test pit (Sec-
Lion %, 1.7.3.4.2) suggest that the high clay content probably reflects the
original character of the deposit, rathor than Lenglhy pedogenic processes
Additvional studies are required to assign a wore definitive age to the
deposits,

The highest terracc deposit (26C m [850 t]) sampled in Spanish Yalley is
on Johnson's-Up-On-Top (Localities ¢ and 14). This surface is estimated to be
at least 1,000,000 years old on the hasis of long-term incision rates and the
elevation of the surface above present stream level. An age on that order of
magnitude {»>730,000 years) is substantiated by reversed magnetic pelarity of
the deposit and the high (182 g/omz} pedogenic carbonate content in its =oil
column, The assumed age of 730,000 years for these dopo its and the measured
soil carbenate data prov1de the upper bound of 0.25 g/cmé/1,000 years [or the

carbonate influx rate used In the Paradox Basin soil studles

The TL samples collected From the cemcntad K soil horizon on Johnson's-
Up-Du-Top and from a sand lena in the gravel beneath ihe soil provide dates
of 167,780+12,130 and 263, 170+45,220 years BP, respectively. Hoth these TL

~dates and Lhus@ Por. Green. River and Colorado itiver terraces (Scetions N,2.1.2
and 4.2.3.3) of probahle comparable age are consistently young compared to the
expected ages of the deposits, These data sugpest that (1) the deposits are
older than the applicable Lime span for the TL dabting techniques, (2) the
daposils have reached saturabion with regard to TL content, (3) younger [ine-
grained material of eolian origin has hcen lncorporatod xnto the soil profile
as it was Torming, or (Il) some other factor is alle:ting the TL sxgnal in the
formation of the pebrocaleic soil,

h.2.1.1.2 Moab Grave) Pit, Lowvality 6. 'The Moab gravel pit (l.oecal-
ity €, Figure U-19) js exzcavabed in a tLerrace remnant that is 12 m (O [t)
above present stream level on the ecastern side of Moab, Richmond (1962,
Plate J) fdentified thesc deposits ag Plucer Creek Formation (Table 4-16),
an interpretation supported by the extent of clay and carbonate accumdla-
tion observed in the soil profile (WCC, 1982a, Vol. I}. Buring the pre-
sent study, a probable U-series date of 15, OOO+1 D00 years (maximum age
72,00046,000 years) vdd obtained on earbonate r)ndo cemented to gravel clasts

in the most developed ¢alcic soll  Horizons{Section 0. 156,39 A berracerage o= -

©approximately 50,000 years is estimated from the.height of bne deposits abover ¢

Voo
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ihthé”bresentmstvedm level, using- tnP long Lerm ----- fnets
“rper 000 yearsT ! “Both of” i_.éP age ¢stimates fall within- ‘the t1me rdnpe OF
Beaver Basin deposibts (Table H-10),

The amount of pedegenic carbonate acoumulated in the soll profile,
approximately G1 gm/em?, indicates a much older age for Lhe deposit. Using
earbonate influx rates of 0,15 Lo 0.25 gm/umhfi 000 years, an age range of*
245,000 to 404,000 years was obtained, These dates appear to be old in view
of the low P]PVH[IOH of the terrace, and fall within Lue proposed time span of -
the upper and middle miembers of the Harpole Mesa Formation (Table 4-16)., An
albternate explanation for the apparently anomalously high pedogenic carbonate
content of the deposit is nob readily available. 4n early Beaver Basin age,

- such as the maximum range of the U-series data, or a late Placer Creck age
_(RLuhmcnd'% original interpretation) are stlll considered the most valid ages
for this deposit, priwarily because of ity bLopopraphic positicn in Spanish
Valley.

I.h 1.3 Permeability Pit, Localiby 13. Bulldozer trenches have been
excavated in gravel mapped as Beaver Basin Formation (Richmond, 1462; WCC,
1982a, Val. I, Figure 3-15) near gravel pit operations in Spanish Valley at
Locality 13, southeast of Moab {Figure %-19),  To learn morc of-the deposi-
tional history in Spanish ¥alley (MCC, 1982a, Vol. 1, p. 3-15), so0il devel-
opment was cxamined in these exposures, which recached depths of .5 to 6 m
{15 te 20 ft). The scil profile was deseribed, but not systematically
sampled; malLerial was collected for amino-acid-analysis daling of soils, and
for Ti dating. The location 1s referred to as the "permeability pit.v

Four buried solls were interpretod in thig exposure. The upper buwo
soils are in sandy allovium, and the lower two are in gravelly aliuvium
(Figure 4-20), The second huried soil is interpreted as late Pleistocene
{Beaver.lasin) in age, on the basis of pedogenic -development, A TL dabte of
17,700+ 1,510 years BP derived for this deposit iy asscessed to be too young,
The bwe lower buried soils are tentabtively cortclated with the soils developed
on the Placer Creek FormatiOH on the basls of their visible carbonate content,
which was-described as-a K soil horizon in the Pield and Is assumed to be
pedogenic in ovigin, The TL dates of 78,200+8,800 and 114,220+45,420 are
sbtratigraphically consistent, but are slightly younger than others reportad
for thig formation elsewhere in Spanish Valley (Table 4-18). They are also
yournger than the hypothesized ape (130,000 to 200,000 years of the Placer
Creek Yormation {Table 4-16). On the basis of the well-developed character of
the calele soil, these TL dates are also judged to be too young., Alterna-
tively, 1t is DO‘“lblﬂ that the K horizeon is detldlly groind-water deposited,
and hence appeara to-he older thau 1L aubuaily igy in this case, the Tl -dates
- could he accurate. B o

The L dabes support bthe interprotation (originally based on soil
developmant) that alluvial deposits ave progressively older.with.depth in. the-
central portion of - Spanish Valley, dnd that Beaver Basin deposits overlie.
Placer Creck: deposlbs in that area’ ™ Both upstream and’ downstream of "the
permeability pit; deposits mapped as Flacer Creek Formation are topograpni-
‘vally higher:than the Beaver Basin-depesits. ‘The inverse reclationship
obseryed in the central part of the valley has been interpreted as due to
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o dOWnWAr ping o dlficrcnblal subirideies of. e »dllcy rlgor. sinece: Piace C[Uﬂk':

‘time, -This deformqlLon could becavsed by taeclonism, or by dlbelUfth cr
wigrabion of salt at depth,

h.2.1.2 Green River Terraces, localities 3, H, 5, and 12

West of Moab and the Green River, remnants of fluvial gravel deposits
peeur. on an erosion surlaee 200-Lo 100 m (800 to 1,300 1r) above the pres ont
canyen baottom. ‘The gravel oontains clasts indicating diposition by the
ancestral Greeon River. The romnants are protected by a petrocaleic cap that
has Stage V curbopate morphology and has developed <ither in the gravels or in
fine-grained (colian?) muaterial above Lhe gravel. These deposits, and others
tike theam on. strath terraces high above tho Colorads River west of the Elk
Tidge Area (Section 4.2,3.3), arce of interest to the Paradox Basin studies
because they can be used to caleulate long-term incision rates for the major
rivers in this part of the Colorado Plateau,

Samples were collected from the Green River terraces Lo measure the
magnetic polarity and carbenabe content of the deposits, and Lo derive a date
for the deposits by TL anatysis. Raversed{?) paleomagnetic polarity was
measured at Localiby 5 (Figure 4-21), and measurements of quesbionable polar-
ity were made at Antelope Valley (Locality 12). Howover, on the basis of the
demagnetization data, caleic soil development (Figure #-22) and topougraphic ..
position, the Antelope Valley gravels were also judged to be al least 730,000
ycars old (WCC, 1982a, Vol. [, p. 3-18), The nedogenic carbopate accunuiated
in the soil profile (between 93 and 128 g/em?) at AHLCIOpC Yalley provides the
long-term maximum carbonate accumulation rate of 0,18 g/om A1,000 years, Thig
rate has been applied to other soil carbonate studies conductgd f'or bthe
project.

One I date was devived from the Green River terraces {(Table U-19), 'The
date of 134,000+19 300 years B derived for a K soil horyzon at Lecalily 4 is
much younger than the oxpscted age of the deposits, and is therefore belioved
te be erroncous. The particle sive of tWwo cbher samples submitbted lor TL
dabing was Judged hy- the laboralory to he unsuitabile For analysis because it
was too inhomogencous,

4,2.1,3 Bartlett Waszh, Localities 1 and 2

Previcously unmapped alluvial i1l rests unconfermably on the Summerville
and Enbtrada Formations in Bartlett Wash and in the adjacent wash te the north
(Localities 2 and 1, respectively; Figure 4-23 and Table 1=1)." This depouit
is dlrectly west of the Moab fault, northwest of Moab, The alluvium consists
of at lcaat 15 m (50 £t} of well-consolidatad, alternabing sandy and clayey
material. layers of finely bedded CaCOy of uneertain crigin are present near

the top of the seclion., The discovery ¢ a-mammoth tusk-in-this-area suggests

that the deposits may. be pre-liclocene .in age;-radiocarbon age determinations-

" “‘made onthe tusk range from dates of 12,880+370 years to >35,000 years RP

{Tables 1-1. and 4 6): a-U-series date - of approximately 85,000 BP (Table 4-15).
was obtained. -Amino acid racemization data [rom snuils. in a sandy unit
approximdately 3 m (10 ft) above the tusk zive an estimated age of 11,000 to.
15,000 years {Table 4-12); these dates support the younger radiouarbun date
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Table Y4-19,

Colorado River Terraces

Thermoluminescence Dates From (reen and

ApproXimate Height

Above Present Tl
Stream Level TL Date Lab
Locality Site Meters Feet (163 years BP) No. Commants
i Sec, 14, 330 1,080 130 + 19.3 459  Keg Knoll, Green
T26S, River terrace.
R16E-1 Deposits have
: reversed(?)
palecmagnetic
stratigraphy.
74 Sec. 32, 200 655 307 &+ 33.3 460 Halis Crossing;
T38s, Colorado River
R11E-1 terrace
76 See, 38, 260 800 140+ 11.8 461  Halls Crossing;
13853, Colorada River
R11E-1 Lerrace
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for the tugk, Further study of the origin and age of these deposits would be

of interest to any Future evaluation of fault activity In Lhe salt anticline

belt,

.22 “Gibsol ‘Dome Area and Vicinity. Localities 32 to 39

Initial projeet studies of Quaternary deposita in the Gibscn Dome area
were reported in WCC (1982a, VYol. 1I, pp. b-1 to 4-14), Since then, the
pedogenic data for the Indian Crzek terraces (Figure U4-24} have been reeval-
uated and Tl dates have been received for these terrace deposits. In addi-
tion, further Pield studies have been conducted in Canyonlands National Park,
to the west of the Gibson Dome area. This most recent {ield work addressed

the identificatioh of chronostratigraphic units in Holocene deposits eéxposed

in Salt Creck, and the history of graben development in the Needles Fault
zone, discussed in Scction 2.% and Chapter 3, respectivcly.

A suite of ftuvial terraces along Indian Creek was selected for detailed
examination of the ¢hange in soil preperties with age in Lhe Gibson Dome area,
on the basic assumption that the age of the terrace deposits is directly
proportional te the height of the gravel-capped strath terraces above present
stream level. The Quaternary deposits consist of a veneer of gravel 1.2 to
2.1 m {4 te T fE) thick, overlain by 0.1 te 0.9 m (0.4 to 3.1 fi) of fine-
grained deposits. The alluvial veneer overlies sandstorg and shale bedrock of
Ene Cutler Formation,

§.2.2.1 Reecalculation - Jogehic Carbonate Content
of Seil Profiic , Indian Creex Terraces

The pedogenic carbonate ceontent of soil profiles on Indian Creek Cerrace
gravelsg {Localities 32 to 39) were initially reported in WCC (1682a, VYol. II,
pp. -7 to 4-9), In subsequent use of the soil data, a reevaluation of field
descriptions of the carbonate morphology at the base of the profiles indicated
that very little pedogenic carbonate (CaC03) is present, Therefore, the

. relatively high CaCO3 laboratory values measured in the lower parts of most

profiles (WCC, 1982a, Vol. V, Figures B-9 to B-16) are believed tc reflect the
carbonate content of the parent material. Calecite cement in sedimentary
clasts in the gravel is the most likely source of this earbonate. Fedo-

genic carbenate content of all the soil profiles was therefore recaloeulated
using higher CaC03 values for the parent material {Table 4-20). The
recaleculation results in a lower pedogenic CaCO3 content for the terrace
deposits (Figure U-25}, which makes ‘the soil ages based on constant influx
rates (Figure 4-26) younger than previous calculations indicated,

The recalculated values for pedogenic carbonate reveal a slightly dif-
ferent relationship between terrace height and carbonate content (Figure 4-25)
from that presented in WCC (1982a, Vol, II, Figure 4-11)., ‘With the exception
of data points ! and Y4, the recalculated data (Figure 4-25} show a more linear
relationship between the two variables than did the previous calculations.
However, separation of the terraces into three age groups (WCC, 1G52a,

Vol. II, p. U-8) is net so apparent with the new. data (Flgure 4-2%): - The -~

“highest terrace (32 m [105 ft]) remains distinctly separate From.lhe. others.

‘with the:exception of orie of the 12-m (L0-ft) terraces, for which‘thé'meaSUbed"r; f”:'
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Table 4-20. Recalculated Values for (alcium Carsonate Accumulztion in 3cils on Gibson Dome Gravel Terraces e

£8l

. . Estimated Estimated
S CaCoy €al03 Content of Total CaCO3 Content of ol ) . Zstimated
S in <Zmm Parént Material €aC03 in Parent Material . Total Pedagenie
Profile I*_Eeight No. af Samples ¥fraetion 2mm fracticn >2mm fraction | ¥2mm fraction {!aC() Cald
No . ‘I (m) Locality Analyzed ig/om?) [§ 3] {g/emd) (g/cm?) (%) {g/cm?) Crgrems). {g/ome}
& 32 39 9 40.9 1.2 25.1 56.9 27.8 43.0 4708 30
7 20 38 g 40.1 .4 302 I 23.9 3.8 iy i
§ 20 a7 5 35.8 15.1 21.5 20,6 '21.0 18,1 TR 15
5 12 6 9 27.8 15.0 29.8 12.0 23.1 9.4 fo.g 10
s 12 35 7 53.0 13.5 31.9 62,1 20.3 53.6 216 3
3 10 34 3 21.6 15.3 18.5 1729 10.1 B.5 5.5 ‘9
2 0 23 7 21.9 .2 19.7 3. 21.4 25.8 2:3 7
q 3 32 T 28.9 1.3 19.9 53.5 15.7 6.4 "8 o -
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pedogen1u Larbonate oontent appears to be equivalent. The new calculationg
show that, using constant CaCoy influx rates of Q.15 to C. 25 g/om/ 1,000 years,
the othér terraces are all youngerv than Pilacer Creek. deposits (136 ODD to -
_200 000 years) (Flgurc H 26} : : : -

§,2,2.2 Thermoluminescenca Dates, Indian Creek Terraces

Labcratory data of soll prefiles develeoped in the Gibson Dome terrace
deposits have been interpreted as indicative of pedologle boundaries that are
independent of the depceitional boundary between the gravel and fine-grained
depusits (WCC, 1982a, Vol, II, p. 4-9). HRather than a compound prolile, only
one soil profile appears to be formed on two.or more depositional units at
dll thé Gibson Nome terraceé sites. Therefore, the fine-grained and gravel
deposits should be of similar age at each terrace site, and the TL dates
should generally increase in age with terrace height.

Fourteen TL dates were obtained from eight remnants. of five terrace .
surfaces adjacent to Indiap Creek (Table 4-21). Six of the TL dates sre for
samples of eolian deposits that overlic the gravel; the remaining eight dates
are for gravel terrace deposits. The progression of TL dates for deposits
underlying uUCCGSSlvely higher and older surfaces along the Indian Creek is
less systematic than in Spanish Valley, and the TL dates tend to be older than
the soil carbonate ages (Table #-21; Figure %-27), The TL dates generally
increase with terrace height; however, the trend is erratic.

Three of the four youngest TL dates (<10,000 years) are from the
surficial eolian deposits and were collected within 0.3 m {1 ft) of the ground
surface. The fourth date is from the top of the underlying gravel deposits,
at a depth of 0.5 m (1.5 ft), between 0.1 and 0.2 m {0.5 {t) below the base of
the overlying eolian deposits., A1l the young dates were derived from the
terraces that are 12 m (40 I't) ovr less in height. These data suggest that
some of the uppermost eolian material has. only recently bezn deposited on the
terraces within 12 m (40 ft) of present stream level, and that the scil pro-
files defined in WCC (1982a, Vecl, V, Figurcs 8-9 to B-16} are forming in
accretionary deposits.. This effect is not seen at Loecalltiew 37 thvough 39,
where TL dates range From 140,000 to 215,000 years BP for both eclian and
gravel samples collected at depths of less than D4 m (1.5 £t),

[P-the TL dates are correct, eolian material has not been deposited.
and/or retained in any significant amount on the higher terrace surfaces for
several tens of thousands of years., Of the terraces examined, the eolian
deposits were observed te be thinner on the dupper terraces than on the lower
deposits, supporting the observation that loose (young) eolian deposits may
not be retained on the higher surfaces,

The differuynces belween the age dates obtalned for the Indian Creek

terraces from the TL and s0il earbonate accumulation dating methods could have
goveral causes, Interpretation of the soil carbonate dala assumes thalb the
amount of ecarbonate in the parent material can be aceurately determined from
laboratory data, and that €aCOg has not been removed from the ptof\lu by dny
means. - The Tl dates may Le affected. by gamma radiation . from. c¢lasts in.bhe .
gravel, Uﬂanlun rich sandstone bedrock units are known to oeccur in thé _ . P
“'dratnagm basin dpuLPQJm from the Indlan Creek rorraLﬁs., Bocau)w the uamplpu

ee



Table 4-27%.

{Page 3 of 2}

-Comparison of Calcic Soi! Ages and Thermolurinescencs Dates,

Cibson Dome

Desiogic Epoch

481

Type of . TL tab Soil
L Agé (0% vears Terrace Height Leposit TL datefc} No. Caloy age :
© Zrobable Cerrelation meters Teel Locaticy(d) Site T Sample(b) {103 yr) {ALPHA-) (103 yr)%d) Conments
Lato PléizTocene & 28 32 Sec. 16, G 1.96 + 0.2 542 65 - 105 Dupiicate samples cole
‘lca 0 o oca 13 ‘T30S, R21E-T Ttoo inhomo— ——— lected at between 0.1
Beaver Basin genecus” end 0.2 m {0.5 £t} below
' Formxbion eollan cover. .
: 125 + 13.5 550 Sampled horizon . is
' . ungertain. - .
] 32 33 S2az. 16, G 106 « 13.3 452 30 = LS Duplicate samples ¢ol-
T303, HZTE-8 118 + 8.22 433 ‘ lected at between (.1
’ and 0.2 m {0.5 fir) below
eolian caver. ‘o
19 2z 34 Sec. 16, 8 3.5 + 6.29 547 25 - 6D Collecred at depth of
""" “T308, RZIE-6 g 0. 3w (1 fe).
G B4.1 x 6.23 449 Collected at becwesn 0.1
' and 0.2 m {0.3 ¢} below
. . egolian caver, .
12 4 a3 sec. 16, E .01 » 030 ShC 125 205 Colléected at depth:eof
T30S, H2iE-5 : S 0.2m (0.7 ) L
06 + 8 Lyg Collected at between 0.1
and 0.2 m (0.5 Tt)
beiow golian cover.’
iz 50 3§ Set. 15, E 3.12 + 0.74  44E 40 - 65 Cullected at depthiof
T3CS, R21E-§ : 0.2:m (0.7 ft).
: E 59.8 + 4.45 Cobliectws at depth:of

L47

0.5 m-(1.6 f£Y. No TL
samplés collected from
gravil.
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{Page 2 of 2)

; T Table %-21. CJemparison of Calcic Soil Ages and T‘heémluinescence Dates, Gibgson Lome

. Geologie Epoch . Type of , TL Lab Seil Soil
LooAge {TRI yoars) Terrace Heighi Depoesit 7L guteic! No. 2ally aze Profile | L
" Probanle Correlacian  meters - faet,  Lecaliry (8} Site TL Sarple(b! {163 yr) (hiPHA-Y {123 yrizai Mo leh o - Comments
; 20 68 37 Sec. 16, £ 213 + 16.% 445 69 - 100 6 s Caliected 4t depth of
; T30S, R2iE-3 : SO W (1 Fuy Mo T
L szmples collected from
. pravel . :
. 20 > 38 Sec. 16, £ 208.2 » 35,43 551 85 - 75 v Colieched at depih of
: : ] : "T308, RiE-Z ' SUZ i (0T L
: : £ 163 + 12.4 Lay Cellfveteod tat dépin of
| Q4im {13 fLl. Sumple
. v may have been
; aged. ; No TL
2 Pleistocens 32 103 ¢ 25 ) Sac. 16; 6 14 443 120 - 200 g
30 to ca {30} TI05, R2IE-T --- > oA m
r Creek T 1.0 fU) below
Gromtion cover.

‘Selfer to Teple 1-% and Figure I-1.
Ailuwial gravel; £ = eolian deposit.
Yoars perore 1§50 AD.
influx raze of 0115 to 0.35 g/om®/1,000 years.
5 hppendix B, WCC {1982a, Figures B-9 through B-16).
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" were all collected at-least 1 -to 1.2-m {3 to 4 F4) above the bedrock surface, - - -

it is not possible that the local bedrock has eniiancad the radioactive back-
ground of the samples, causing TL ages Lo be systematiecally older, becausc’
gamma radiation can travel only approximately 30 cm {12 in) through the
deposits (Wintle, 1983). It is more likely thal uranium-rich sedimentary

-clasts.occur within the gravel,.and:-that.when:these.-have:been.within: 30 cm. DR

(12 'in) of the dampling sitc, they have broduced 3 Aigher radioactive back-
ground for the collected samples. Nelther informatinn on the variability in
the radiocactive content of the different gravel types, nor the variability in
the porcentage of sedimentary clasts in the various terrace deposits is
presently avallable, so it has not been possible to verily this hypothesis.

4.2, 3 Elk Ridge Area and UlﬁlnL_M

Eolian deposits are w1dpaproad an up¢and surflaces in the Elk Rldge area
and adJacent to the Abajo Mountains {WCC, 1982a, Vol, I[I). At several local-
ities, young deposits overlie one or tore buried soils formed on older eolian
material, llowever, the patterns of scil develeopment. and preservation of older
deposlts on bedrock surfaces are complex. Parent material variability, local-
ized @rosion and depositicn, snd topographic pasition all have important
effects on the soil profiles seen on these surfaves,

EFast of the Elk Ridge area, remnants of gravel fans flankihg the Abajo
Mountains occur as pediments that are preserved on stream interfluves in the
vieinity of Bl.ading and Monticello., The gravel grades to filner-grained
deposits on the dlstal portions of the fans, and an eollan cover commenly
overlics the fap deposits. The eolian/gravel seguence also typifies Colorado
River terraces above Lake Powell, west of the Elk Ridge area.

£.2.3.1 BElk Ridge Area

[n the B1% Hidge area, eollan deposits blarket a vast surface developed
ot Cedar Mesa Sandstone (WCC, 1982a, Vol. LI, Figure §-4), Detalled sampling
and laboratory analyses of soil profiles in eclian deposits Wete conducted for
~thlg sbudy abt-aix backhoe - plty (Logalities 87 Lo -62) excavabed.at the Elk
Ridge No. 1 (EA-1) borehole location*, and at a natural arroyo exposura on
Dry Wash (Locality 66), 10 kxm (6 mi) east of the ER-1 slte (Figures 1-1
and U-28)}, The ages ol the deposits abt both lovations were evialuated by TL
analysis, . In addition, mollusk shoils Wwere collected at the: Dry Wash.site for
amine acld analysis,

(Other locations in the Elk Ridge atea where age datb. !fete derived are
alse deseribed fn this section., These include Losality 65 on Dry Nash and
Aocality 79 ncar Comb Wash, where mollusk shells were cellected for amine acid
ahnalyses) Locality 67, alsc on Dry Wash, whare dabes were derived by radio-
varbon, TL, and amino acld analyses) and Leeality 78, near the meuth of Mule
.Canyon where age USLlnaLﬁS werée based on radiocarbon and amino acid dnalySes
{Figirs 1-28),

“#-The k-1 borchole was drilled by WCC as part of-the Paradox Basin studies. -
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4.2,3.1.1 Elk Ridge No. 1 Site, Localities 57 to 62. Eolian depcsits
examined at Localities 57 to 62 at the ER-1 site (Figure %-29) ‘consist of more
than 2 m (6 ft} of massive loanm to sandy lcam (Figures 4-30 through 4-34).
The ycunger.depasits generally contain mare silt than the underlying older
" deposits, whi
fine sand.

The eolian material overlies the sandstones bedrock cof the Cedar Mesa
Sandstone, Profiles U and 5 {Localities 60 and 61}, at the southern end of
the gite, are formed on white calcareous arenitic sandstene, whereas Profile 3
(Locallty 59} is underlain by red silty sandstone. The bedrock contact is
difficult to distlnguish in Profiles 1 and 2 (Localities 57 and 58) because

~the textures of badrock and eclian deposits-are similar, and because relict -
rock structure is not visible. However, at least 1 m (3 ft) of relief is
present on the bedreock surface beneath the eolian deposics. The similarity of
the eclian deposits with the underlying bedrock suggests that exposed outcerops
of the Cedar Mesa Sandstone may be the source of the windblown material,

At the ER-1 site, all five soil profiles (because of their close
proximity, soil data from Pits 1 and & [Localities 57 and 62] were combined
inte Profile 1) display a buried argilliec (B) horizon beneath 1 to 2 m (3 to
6 ft) of younger eclian deposits. The buried B horizons exhibit moderate
subangular blocky structure; thin clay skins on grains and ped faces range
from few to commop in abundance. They also show a 5§ to 1C percent clay
increase relative te the overlying or underlying horizons (Figures 4-30, 4-32,
and 4-34), However, because the clay content of the zolian parent material is
variable, it 1s difficult to determine whether some of' the clay lncrease is
non-pedoganic,

The carbonate contants of the five profiles are variable (Figures 4-30
through %-3%; Table 4-22), The absence of carbonate in Profiles 4 and 5
{Figures 4-33 and 4-34) may indicate that (1) carbonate was leached from the
soil by water draining the shallew swale that trends ecastward through this
area (Figure 4-29), and that a more pronoinsed dralnage than the present swale
may have existed during pre~Holocene time; (2} the eolian deposits at this o
locaticn are younger than those sampled in the other soil pits; or (3) a low
gcarbonate content exists in the underlying sandstone, Becatiss of the occur-
rence of the buried arglllic horizon at all five soll pits, it 1s likely that
50il carbonate was not deposited in the soil prefile, or has been leached from
the areas having minimal carbonate buildup in the soil profile,

The remaining three proflles (1, 2, and 3) contaln significant carbon-
ate (Figures 4-3C through 4-32; Table 4-22). However, the strong carbonate
horizons exposed at the bage of Profiles 1 and 3 {Figures 4-30 and 4-32) are
interpreted as being due to weathering of an underlying, carbonate-rich silty
sandsbone, It is kne'm that the Cedar Mesa Sandstone can contain as much as
25 percent CaC03 cement in the Gibson Dome area (Hite, 1983). Therefore,
the carhonate of likely pedogenic origin in these profiles occurs in bhe soil
horizons overlying the lowermost caleclic horizon. The upper herizung in Pro-
file 1 contain 18 g/cm? of soll carbonate; no sigrificant amount of pedogenic
carbonate has 300UMUJdt8d in bhe upper part of Proflle 3.
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Table 4-22, fccumulation of Caleium Carbonate in Soils Fbrmed in
Quaternary Eollan Deposits in the Elk Ridge Area

: “Estimated CaCO L
~ Portion ' No. of Total CaCOz Content. of Origiral ci Estlmate

R _ of Samples Content Parent Material o Pedogenlc CaCly
Loeality Site - Profile Analyzed {g/cmzj 3 - (g/cm2) ij L (g/cm }
ECLIAN DEPCSITS .
- 5?,:62 - ER-1 Borehole
: : Site Sec. 30.
T375, R19E _ i -
Profiles 1,6 Total 14 51.5 5.5 ' 22.6 o 28.9
tUpper soil : §= : :
bove 3C2cab 13 38.6 5.5 : 20.2 : 18.1.
f 58ji " Prefile 2 Total - nfa) .28 2.9 13.8 o 14.3
59 “Profile 2 Total 11{a) 92.3 5.2, 12.0'2) 27.8 bk
Upper soil _ L :
above 2Kmb g(a) - 8.6 5.2 131 i (e)
60 . - Profile & Total 11(2) - - e
€10 ° Profile 5 ~ Total 1@ - g _ e
'zéﬁfff : Dry Wash
it Sec. 31, _ : : :
T37S, R2CE~1 Total 13 KU 1.0 : 4.8 [ 29.3 .

;faj Bulk densities estimated from Profile 1. S
}(br Parent material for lower soil appears to be more calcareous than upper parent material- Estimated CaCO3 content

'for bedrock in Profile 3 is based on unpublished data of R. Hite, U.S. Geological Survey, Denver (Hlte, 1983).

' (c) No szgnlflcant pedogenic carbonate has accumulated in profile.
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Therefo e, of the five soil praflles described at the ER~ SLte, only
‘Profiles 1 and 2 are 1nterpreted as eontaining qlgnlchant pedogenic car-
bonate. .Stage’ I1] carbonate morphology ls present in K herizons in Profile 1

.. and Profile 2, which contain,: respectively, 18 and.14- g/om2 -of - pedogenic- CaCO3"“~54**
we i the so;L“column.__”hls 80Ll is interpreted as having formed on a buried -

‘eolian deposit, and provides a means of estimating the minimum age for the
stabilization of the underlying gecomorphic surface (Blrkeland .1984) . Assum-
ing a minimum long-term CaC0y accumulation rate of 0.15 g/ene !1 000 years,
which has been established for other portions of the Paradox B331n (wWee,
19824, Vol. I), the maximum estimated ages for Profiles | and 2 are 120,000
and 95,000 years, respectively (Figure H-35), Because the Elk Hidge. area is
higher and more moist than the areas tor which long-term acoumulablon rates .
- have been éstablished, it is likely that estimates based on the “influx rates
we'tld be minimum ages. Alternatively, if some of the CaClly in-these two
profiles ig derived from calcareous bedrock, or if the aetmnal influx rate is
higher than the assumed rate, the age of the depozits could be younger than
indicated by the above calculations. The buried argillie horizons.in all five
“profiles probably represent at least a few tens of thousands of years of soil
development (Shroba, 1982). Therefore, the soil data suggest that eolian
deposits have been auoumulatlng on the Cedar Mesa surface For at least 50,000
to 100, 000 years.

Two TL samples wWers collected from deposits above and below the
K s0il horizon at Profile 1. Derived dates of 27,480+2,060 years BP and
hi4,9304%,030 years (Table 4-23) are stratigraphically consistent and should be
older Lhan the soil that subsequently developed on those deposits. However,
when the amount of pedogenic CaCCy (18 g/em?) in that part of the profile was
measured, an age of 70,000 tu 120,000 years was derived for the caleie so0il,
The buried argillic and calcie horizons also suggest that the deposits are
older than the TL dates indicate; the TL dates are assessed to be too young.
tlo additional age data are available For the ER-1 smite, but data have bLeen
collected from nearby sites in Dry Wash where deposits are considered to be
comparableg, and are discussed in the following sections,

b.2.3.1.2 Dry Wash, Locality 65, Three calcic soils were desoribed in
fine-grained deposits exposed in Dry Wash, approximately 0.5 km (0,25 mi)
south of old Highway 95 (Figure 4-28). No soil laboratory analyses were
made, but the exposure includes 4 K horizen with Stage II1 ecarboniate morph-
ology., An age of 24,00047,000 years was i{nterpreted from mullusk-zhell
amino aeld ratios. The shells were collected at the base of the exposure
(Table 4-12}, Thls basal "young" age suggests that the wall-developed over-
lying saleic soll may consist, in part, of atream-deposited carbonate., Thig
interpretation is substantiated by the ccourrence of fainbt oarbonate-rich
bands & to 15 om (2 to & in} thick in the lower 2 m (6 f£) of the exposure,
These bands do not appear bo be pedogenie in origin and are probably stream or
grovad-water deposited. . Alternatively, the amino acid age assessments may bhe
erroneously low, as they appear to be at other localitiex, such as
Locality 66, described in the following section.
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‘Table 4-23. Soil Carbonate and Thermoluminescence Dates From
CELlk Hldge and thLn Mesa areas

E 'Soi..lv.Ca.CO'...agé,,zi.... ""I'I‘E""Uéﬁt'e Depth 'I'L Sample i Lab Nc

Tlbcality’ Area - Site (103 yrft@l U7 (103 v 88). ) Meters.  Feet - (ALPHA -
57,62 Elk Ridge Seo, 30, - 115 - 195(b) 2748+ 2.06 0.7 - 2 543
_ 1375, RI9E-1,6 : o '
combined 15 - 125(c) w493 + h.03 1.8 . 6 KUY
58 Elk Ridge ~Sec. 30, 55 - 95
_ S T37S, RI%E-2 L
59 Flk Ridge Sec. 30, © 260 - #30(b)
1378, Ri9E.3  Nsled
60 Elk Ridge See. 30, wsle)
: 1375, R19E-4
61 Elk Rldge Sec. 30, ngle)
T37S, R19E-5
71 White Mesz Sec. 32, 55 - g5(d) 32.7 « 2.85 2.3 7.5 - 454
T378, R22E-1 S
. 30 - siel 254 « 2.3 : 0.4 1.3 553
72 White Mesa Sec. 33, 135 - 560 137 5 10.9000¢8) 300 10,0 457

T3S, [22k~1
us56

i95 - 320(2)  93.8 7.0
7 3.6 455

Notes: Highly variable values Cor goil CaCOz ages may be due to local leaching of Cal03 from

{b}
{o)
(d}
(e}

()
(g}

deposits in drainage swales. Localities 58 through 61 are within a 100-m {325-ft) radiu
of Locallties 57.and-62. : .
NS means no SLPPlflLaHt pedogenic carbonate has acoumulated in profilP

Joil varbonate age ef entire soil eulumn, unloss otherwise, notpd. Estimatsd age assumes
Catly influx rate of Q.15 -.0.25 g/em?/1,000 years o ' ' '
fze includes lowermost caleie horizon, thch may be developed in weathered bedrock.

fge based on pedogenic CaCO3 acoumulated in solil profile abuve basal calecic horizon,

Age represents total CaCoy in soil profils; includes caleie soil horizon developed on
weathered sandstone bedrock;. TL date (ALPHA-HBU} is [rom base of profile. :

Age based on pedngenle Cacog accumulated in eclian depoaits overlying caleic soil horizen
developed on bedrcck. TE date (ALPHA 4-532) is from upper part of profile.

TL dabe is from base of profile. '

fige based on pedogenic CaCly accumulated In eolian deposits overlying caleic horizon
developed on bedrock,

Tl dates from suceessively younger eolian depositu in expoaed sequence
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4.2.3.1.3 Dry Wash, Locality-66. f detailed soil deseription and sampl- o

. ing were completed at a natural exposura on.a ‘tributary to Dry Wash (Loecal-= -
“ity 66) (Figure 4-28). “Three edolian units were identified at this exposure on
the basis of particle size data (Figure 4-36), The surfiecial unit is thin and

sandy, and overliies a -more silty unit.. The Lhird unit®is.more gray in ceclor, . ..

"and‘more:sandy;'bhe”fburth'unit'has a-greater-proportion of*OGarser'sand{than**'?i‘

the overlying unit, and contains moliusk shells in the #Cieab and UC2eab soil
horizens., The Cedar Mesa Sarndstone is exposed at the base of the profile, and
the lowsrmost 15 cm (6 in), which are sandier and coarser-grained than the
rest of the sectbion, probably reptebent weathered sandstone bedrock.

The Dry Wash soil profile has some featureq that are 51mllar to
Profiles 1, 2, and 3 at the ER-1 site, 4 buried argillie {B) horizon lles
beneath the surficial eclian deposits, and a K horizon occurs at greater =
depth, The argillic horizon exhibits a subangular to angular blocky struc-
ture, and a few ineipient clay skins were observed on ped faces, These
horizons have a 5 to 10 percent clay inerease relative to the overlying and
underlying horizons (Figure 4-36). The K horizon has a Stage II* to .III
carbonate morphology, in all, the soil profile contains 29 p,/cm2 of pedogenic
CaCOg, which ig similar to the total amount of CaC03 measured at Profile 1 at
the ER-1 site, Based con calcle soil) data, an age estimate is 115,000 to
195,000 years. Mollusk assemblages found at the base of the exposure argue
against the K horizon representing top of bedrock. The carbonate content of
the weathered sandstone bedrock appears to be minimal at this loecality.

finother age assessment of the Dry Wash deposits was based on amino acid
‘anaiyais of mellusk shells found near the base of the exposure. Interpreta-
tion of amino acid ratios derived from the mollusk shells provides a date of
19,000+6,000 years BP {Table 4-12). The aminc acid ratios appear to be of
good quality, and the analytical data do not suggest that the sample had been
contaminated (McCoy, 1683), The buried argillic horizon, however, argues that
the amino acid date represents a minimal age for the deposit. If the shells
were 100,000 years old, as the soil data suggest, the measured amine acid
ratios indiecate that the mean annual temperature would have had to ke approxi.-
mately 20°C (35°F) cocler than at present., Because palececclogical data for
the Southwest indicate that temperatures were probably not lower than aboukb.
10°C (18°F) below present riean annual temperatures during full glacial maximum
{Spaulding et al., 1983}, the amino acid data suggest that thp caleic soil
developed at bhlo site is not totally time-dependent.

On the basis of these age ausessmenhs at Locality 66, the deposits
exposed in the arroyo cut are assessed to be older than 19,000 years BP, but
probably younger than the 115,000 minimal date dsrived from the soil carbonate
data. An alterpate explapation for the high Call3 content iz that some of
the carbonate is due to stream depogition,

4.2.3.1.4 Dry Wach, Locality 67. At Locality 67, approximately 1.5 km
3 mi) -downstream of Locality 66 (Figure 4-28), samples were collected from a
stratigraphic secbion bto compare dates derived by radioearbon, TL, and amino
acid analysea. Sufficlent charcoal was disseminated in one thin deposit for
. submittal of disguised duplicate samples ta the radiocarbon laboratory to

©issess the reprodocibility of the 140 data(Tables 1-1 and 4=T7). ~ The two

- .derived dates of 949000 BP_(BETR-HHIH}jand‘7;5H0:700‘BP (BETA-6221) "are

208



DEPTH S0IL PFRCENT CaCO3 PERCENT CLAY CLAY/S

. . 0 .. &0 0
D_Ton HORIZONS : Lol L L
FT

C
2Bb--
9 .
_MM 2321cab
1 2By, cab
4 L
2C cab
: 3C,cab
6 | .
2 3Kh
4Ccab
8 | - | ]
4C,cab :
4C, 0
o -
0}.3 bmm 2

LOG 1566



SAND FRACTION
FINE/VFINE * . .
0 50 100

PARENT
MATER!ALS

MOIST COLOR

AN N W DR W B Y T S W DR T N S O T

5 YR 4r4

5 YR A/M

5 YR 3/4

7.5 YR 472

5 YR 473

5 YA 4/4 to
5 YR 5/4

75YRTE

75YR7/ 10
7.5 YR 7/6

';'.5 YR 6/4

75 YR 6/6

RAMN

“VCOARSE+COARSE+MED < 2 1%

r

b e e e o

' o Ouutur‘rﬁn‘y_;I'ng__r:.]_l Huport

" S01L PROFILEEOLIAN DEPOSITS] — 7
ORY WASH, ELK RIDGEARLA
- LOCALITY 66 -

Project No1 7000

- Woodward-Clyde Consultanis

Figuie 4-°36




'lese but. are not. conéemporaneouq at one standard deviation, However, dating
- of bhlS type - of sample is difficult and the second sample submitted
‘ (BETA 62&1) was reported as beLng bmall for the process (Tamera, 1983)

An dCCUPaLy
amino acid dnalyses (Sectlon & 1. H), and by TL dat1ng of associated sediments.
When the raoeml?atlon rates at Locality 67 are comparcd with those of Local-
ity 63 (where a he date of 12 500 years BP was obtained), the younger of the
two 1IC dates at Locality 67 1u considered to he more aceurate. However, the
error rangz of the amino acid age estimate at Locality 67 does not exclude
either 14C date (McCoy, 1983). A TL sqmple was collected 0.6 m (2 ft) be‘ow
~ the charcoal-rich horizen at Locality 67.- The derived TL date of
T,050+640 years is Stratlgraphjcally inverted with the radiocarbon date,
but i3 close to the younger 140 date of 1, Bl:0+700 years BP.

Another set of 'YC and TL dates at Locality 67 was collected from a Fill
terrace cut inte the stratigraphic sequence from which the ahove dates were
derived (Tables 1-1 and 4-9). A radiccarbon date of 2,380+90 years BP uas
ohtained from a burn layer at a depth of 1.2 m (4 fL).. The TL sample col-
lected from silty sand 9.1 m (0.3 ft) below the burn layer was dated at
3,690 years +310 years.

Compariscon of the three dating methods in Holocene deposits at Loecal-
ity 67 resulted in dates that were of the same order of magnitude, but not
tightly defined. & 7,000- yedr TL date fcr the older £ill may be 2,500 years
too young, and the duplicate ' dates vary by 1,500 years., The age range for
the amino acid data is ailso at least this great, The set of Me and TL dates
derived from the fill sequence are strabigraphiecally consistent. Although the
dates at locality 67 indiecate that the three dating methods rmay not produce
identical duplicate dates, they do provide reasonable indicator ages that can
be significant when no more precise dating mathod is available.

h.2.3.1.5 Mule Canyon, Locality 78. An 18-m (60-It)~-thick section of
fine-grained deposits is 2yposed at Locality 78 in Mule Canyon (Figures 1-1,
.78, and 4-37). Deposits containing a prominent charcoal norizon fii] a
channel cut into older, more regularly hedded materials. Sediment equivalent
to Holocene fill observed elsewhere in the Elk Ridge area undarlies a 5.5-m
{18-ft)-high terrace that abuts against the older channel Fill, adjacent to-
the stream. .

A 8¢ date was obtained from the charcoal horizen, and aminu acld analy-
sis was performed on svnail shells coliscted from above the chareoal, from the
base of the channsl, and from the older straca cubt by the channel (Fig-
ure 4-37), The radiocarben sample {DIC-2063) pave a date of 9,550+80 years
BP, the oldest M date reccived thus far on the project from geologic
deposits., Interpretation of the amino zcid data from the snails collected
15 om {6 in) above the charcoal gave an approximate age of 11,000 years BP.
these snails may have been reworked from the underlying LthCOSl horizon, and
may have been thermally affected by the event that Formed the burn layer (Sec-
tion U 1,47, Approximate ages of 11,000 years, and 18,000. to. 28,000 years .BP

. were oa101 lated for shails collected dL thP baae of.. the channei- FJ;I and..Lrom:. ..

the older atrata, regpecbnvoly
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Helocene and Late Plaistocene fine-grained deposits exposed in 18-m ~{60 -ft}-
high exposure in Mule Canyon, EI% Ridge area. The carbonate-rich deposits that
undlerlie the unconformity in the feft half of the photo filf a chanyel cut into the
evenly bedded alluvium scen in the right of the photo, Charcoal collected from
the burn layer al the unconformity {arrows) is radiocarhon—dated at 8,660
80 years BF, Interpretation of amino acid analyses on mollusk shells collected
directly abave the burn layer and at (a) provide a date of approximately 11,000
years,"An age estimate of 18,000 to 28,000 years was sitnilarly derived for mol-
lusk shelis collected at (b). :

HOLOCENE AND LATE PLEIS [OGENE

Ouaterrmly TOle"d| Rﬂpnrl

DE‘:POSITS MULE CANYON, LOCALITY 78

LOG 1740 1 P
- . Pro 17000 - Fiaur ;
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4,2,3.1.6 Comb Wash, Locality ¥9. Mollusk shells were ¢ollected fram
15-~cm (50-ft}-thick gypsiferous deposits preserved in'tributary_oanyons along
the western margin of Comb Wash (WCC, 1982a, Yol. 'LIT, 1, 4-9) (Figure 4-28),
- The deposits dip 3 to 5 degrees east and may grade Lo one of the Comb Wash.
terrace surfaces, which are.

imately 2 m (6 Ft) below the surface of the deposits, Jis uncertain, the age
estimated for the amino acid analysis is greater than 9,000 years and less
than 30,000 years., No other datable organiec material has been found in these
deposits,

If the surface of the gypsiferous deposits grades to one of the terrace
surfaces that are presently 12 to 24 m (U0 to 80 ft) above present stream .
level, an estimated minimum zge for the surfads "is 50,000 Lo 100,000 year=
(using an incilsion rate of 0.24 m [0.8 ft] per 1,000 years). Thlo age
eshtimate is more consistent with the cemented character of the deposit than
the date derived by amino acid analysis. Therefore, the latter is assessed to
be too young in this partieular geologic settling.

h.2.3.1.7 Summary. At the locations where age dates were derived in the
Elk Ridge area, the extent of soll development and induration exhiibited by the
deposits provided a geologic confirol against which derived dates were asses-
sed. Where mollusk shells have been found below buried argillic and calcie
s01l horizons {(Localities 65 and 66), amino acid dates of 19,000+4,03C years
to 24,000+47,000 years BP for the shells are considered too young. A TL dake
that provides a maximum age of Ul,930+4,030 years BP [or the caleie soil at
the ER-1 site also seems t¢ be too young, again because of the extent to whian
calcic scoil has develeped in the profile,

At Loecalities 78 and 79, no soll devslopment was noted, so the derived
amine acid dates are compared agzinst the local geomorphic setting amd indur-
ation of the deposits in which they were found, The dates of 18,000 to
28,000 years BP for deposits at Loeality 78 are reasonable, whereas the
9,000 to 30,000 dates derived for Locality 79 are assessed as too young,

Samples'oéllected from Holccene deposits (less than 10,000 years old) at
Locality 07 provide reasonably comparable dates frowm radiocarbon, TL, and
amino acid analyses.

4.2.3.2 Blanding Area

Quaternary deposits were studied at four locations an a surface{s)
thought to he of early FPleoistocene age in the vicinity of Blanding
{Figure 4-38). Topographie profiling along fan surfaces that flank the
aouthern side of the Abajo Mountains suggests that a pediment surface, capped
by fan gravel, merges with bthe bedrock surface underlain by the Dakota Sand-
stone/Burro Canyon Formation on White Mesa and other interfluve dreas. fbajo
terrace gravels found on No Man's Igland also lie on the southward projection
of the White Mesa surface, as lndlcated by topographic proflilng along Cotton-

wood Wash .(WCC, 19824, Vol.. L11, Figure 4-6),

.5{3.7

e 2:to 2H m (40.-to.80.LL). above-the-pregent chari—-- -~
“nel Because the- thermdl~ history of the samples, Which wetre cullected approx-
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. 'The- calede-soils ab-these sites-display several fest of contlnuo

h.2,3.2.1 Abajo Mountain Gravel Depooitu, Localities 50, 55, and 82,
Becently completed carbonate analyses of samples from three soll profiles.
‘developed in Abajo Mountain gravels confirm earlier estimates that the'

_ deposits are of eavly Pleistocene age-(WCC, 1982a, VYol. TIT, pp: 4-6 and 4-7).

Cdarponate.with Stage 111 to V morphology {Figures 1-39 and Y=40).

Two of the profiles (Localitles %0 and 55) are leocated on the alluvial
fans on the southern and eastern flanks of the Abajo Mountains (Figure !-38).
The caleie soll developed on these gravels and exposed in a quarry near
Blanding (Locality 5%} containg approximabely 220 g/cm3 of pedogenic carhonate
in the soil profile (Table B.5), A% the base of this profile and From Local-
ities 53 and 5%, which ara at comparable elevations; the. sandy. alluv1um has -
‘reyarsed magneng polarity, wndxvat1ng a prdnimum afe of 730,000 years. A soll
profile formed on gravel deposits near Monticello (Locality 50, Figures 4.39
and H-10) contains approzimately 117 g/om? of pedogenic carbonate in the soil
column (Table 4-5}. Although no paleomagnetic analyses were made of these
deposits, they are thoughl.to be correlative with the Blanding grave)
deposits, and are therefore alt least 730,000 years old.

- Assumiog a minimum age of 730,000 years for the B‘andlnp deposit, a
maximm long-term carbonate ascumulation vate of 0.30 g/om®/1, 000 yeawﬂ is
obtained. This rate is higher than the pate of 0.15 ko 0,25 p/nm /1,000 years
that was naleoulatied for other areas in the Paradox Basin (Sectiong #,1.1.2 and

o148 Table 4-5), The influx rate at Blanding should be comparable to or
lower than that in the Spaunigh Valley or Green River area because precipita-
tion at Blanding is slightly highesr than in the other two areas. Climatio
parameters near Monticelloe would promote even more cffective leaching of
carbonate from soil profiles (Table 4-3). 1t is thereforé possible that the
high carbonate content of the pediment gravels at Blanding indicates that
Ehese gravels are older than the Green River ob Spanish Vallev depesits with
reversaed polarity, Although almost twice as much g¢il carbonate waa maasurad
in the Blanding goil-profite as in the Monticello gravels (Table 4-5), varia-
tiong in the alimatic factors that may affect relabive accumulatbicn rabes ab
the two sibes, or alsernatively, that may alfect the rate of carbonate infiux,
cpreclude tho foemulabion -of relative 4ge assessments.

The third sampled soll profile formed on a tervace remdant wlth 4
venear .of gravel derived from the Abajo Mountainb._ The gravel occurs 140 m
{h65 1) above Cottonwond Wash, on Mo Man's [sland (Locality 82¢ Figures 4-38
theough U-40) . The relative elevation of this terrace depﬂwLL and recon-
strueted profiles Cor Cotbonwond Wash tepraces (WCC, 1982a, Vol, [II, Vig-
uwee U-6) indloate that the hipgh terrace deppelt is prohably correlative with
the fibajo Mountain nodimean wast of Blanding: The sg¢ll profile at No Man's
Island (Fipure $.U0) Ls developed primarily in eolian deposits that overlic
the gravel, and contains approvimately 194 g/r*ma of pedogenic carhonate .
{Table U-5), These dats confirm bthat the degree of soil development is

csimilar to that in the pediment pravels and thal the deposits are probably of
comparable age, fin vstimated age of 770,000 to 1,285,000 years is derived for
bhese dtpO?ll y using a pedogenic CaCOy dPPUmUlﬂf]OD rata of 0.15 to

0.25 p/cm /1,000 years

Df‘dOgenlc ' e e



Calcie soil development in Abajo
fan gravel exposed in gravel pit
< Monticelle {Locality 50}, Cal-
cic: soil is truncated and overlain
by youngar eolian deposits,

Petrocalcic soil developrment an
fing - grained daposits ovarlying
© gravel terrace deposits on No
- Man's fstand {Looality 825,
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Mi2.3.2.2 White Mesa, Localities 71 and 72, Laboratory daba were
derived from two .soil -profiles developed in #olizn deposits at the south--
western end of White Mesa (Localities 71 and-72), dpproximately i1 km (7 mi)
~south-southwest of Blanding (Figure H-38): ¥hite Mesa is a southward- dlpu1ng
“surface cut;¢n. the Cretaceous Burro ‘Canyan Formation and. lfakota:Sandstone ..
{Hay.es et al., 197?), and has been interproted:to be cortelative with the-
pediment surface north of Blanding, which is underlain by Abajo gravels with
reversed magrnebic polarity., ‘'Therefore, the White Mesa surface is probably at
least 730,00 years old.’ : '

The two soil profiles have formed in 2.2 Lo 2.9 m (7 to 9.5 f) of

sandy leam, which consists primarily of well-sorted very {ine and fine sand
_(Figurew d4-41 through H-43), The deposits are massive and appear.ta be pre-

dominasntly of eolian origin., The eclian material may be dezrived from local
sources, parbicularly dry stream beds, as postulated by Clsen et al, (1945,
p. 38), or it may have been blown in from more distant exposed sandstone
bedrock areas to the southwesk. A Few highly weathered cobbles and pebbles
derived from the Abajo Mountains were -observed in the lower part of Profile 1y
deposita in this profile may therafore be partly alluvial. AU both sites,
the fins-gralned deposits overlie weathered sandabone hedrock.

The degree of caleic soil development is mackedly different in the two
gsampled profiles (Table 42U}, At Profile 1 (Loocality 72; Figure 4-38),
exposed. in a bulldover trench excavated by EBnergy Fuels Muelear, Ine.. ab
least two well-developed calule soils are pregent (Figure 31 and 4-32), &
third buried calcic soil 1s probably reprageanted by the Callsy~rich horizen
formed on bedrock at the base of the profile, " A buried argilllic horizon has
apparently heen nartly engu]fed by the middle K horizon. In contrast, Pro-
file 2 (Figure M~M3), exposed in a backhoe excavation (Localivy 7117, shows
little calele soil development; only weak inersases in CaClg conlent are seéen
in the profile (Figure 4-43). However, a buried argillic harizon, which may
be correlative with that seen in Profile 1, I8 preserved in ProfllP 2.

The difference in caleic development in the two profiles is probably a
result of the topographic pesition of the tWwe sitas. Profile 2 is located
ab the head of o small swale that drains into Cotbeonwond Wash) carbonate may
not he retained in this profile because of increased lpaohing. Profiile 1 ia
located on a tepographically higher area, wnere through-flowing drainage would
be minimal., The presonce of buried argillic horizens, which are inferrved to
b cortelative, supports thiz hypobhesis,

Alternatively, the buried eolian deponits in Profile 2 may be copw
siderably youngor than the buried depositsg in Profile 1, The TL dabes for
L depositys al Lhese slbes are supportive of thls sepond theory, A TL
gample ccllected at the basze of Profile 2 has a dabe of 32,700+2,d450 years,
whereas the . ssmples in Profile 1 produced Tl dates ranging from 46,70043 950
to 137,000410,900 years (Table 4-23}, The Tl date of 137,000410,4900 years wag
derived for the ealerete Popmed on the Crebaceous banquane bodrovk in Ppo.
file 1, It is much oldgr than the bazal TL date for Profile 2, -but ih.ls
anomalously young when sompared with the soil earbonate data,

ST the bagal - TlE-sample-represents. Quaternary - sediments present on top

ol the Bedrock, and-iF the TL dabe is.corpect,. the. carbonabe ab- the laye of
the g0il prnsiln (blvvrn - HR) wsk  be pdltldlly nnnpedog“nie Pub ] fatied:

2 18



Multiple calcic soil horizons {arrows) developed in eolian depo-
sits on White Mesa, Exposure is ot Loeality 72 on Figure 4=38.-

= GALCIC BOILS IN EOLIAN DEPOSITS ON: .-
- WHITE MESA, NEAR BLANDING -

Lo alerriary T
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Tapie &4-24. Agcumulation of Calcium Carbonate in Soils Formed
in Quaternary folian Deposits on White Mesa

Fortion oo of Total Cally Estimgted Cally Content | Estimated | |

L : i Samg les Sontent of Original Parent Matezizl Pedogenic Catd
rocality Site Profile Nalyzed {gnsem™) (%) {g/cm™) {5/omS) S
7L, Sec.32,

: 1375, RZE-L .
{backhoe pit) Totai 11 15.3 0.3 1.1 4.2
10 8.3 3.3 1.0 7.3
- Sec.33, T375,
ETE R228-~1 (Dull- . . PN
dozer trench) - Total 13 L .o, 3.3¢%/ ey 5.6
5cil horizons )
overlying : _ . : o D
3K2mb?2 ’ ;
horlzon I
developed on : ) _ L
_ial 8.2 L

bedrock 12 0.6 1.0, 3.5°% 12.4

Cé_i) ‘Farent mat=rial for lower soil appears to be mote calcareous than upper parent materizl.
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{Tables 4-4 -and U-5). -Using long-term carbonate accumulabion rates carbonate
contents for the Burroe Canyon and Dakqta wandstonég, however, are less than
approximately 10 percent (Craig, 1981; Huff and Lesure, 1965); trerefore, much
of the carbonate is probably ppdogonlc _Thus, it seems. Likely. that-ERe -TL-—
“-date abrthie bage abProlile 1. 1nomﬁ&naaly young, and. thdat hasal deposits
observed jn the bulldozer trench are oider than thase gxposad in the backhou
pit,

Based on the pedogenic carbopate content of Profile 1 {Leeality 72), it
appears that the White Mesa surface iz o€ mid-Uleistocens age or older. AR
tobal of 84 g/em? of pedogenic carbonate is present in this srofile cstab-
lished for other portions of the Paradex Basin {Seection 4,1.1.4.1), the age
estimated for the eollian deposite on-the dirPace 13 bétwedn 335,000 and

S BH0,000 years Alternatively, Lf 10 s assumed thal the White Mesa
deposits are eorrelative with the ear.y Fieistocenc surfacs at Blanding
(>730,000 years}, the estimated maaimum carhonate accumulation rate Tor the
White Mesa area would be .12 g/vm A1,000 years. This rate 1g less than the
rate of 0,30 g/emd/ 1,000 yoars df"luﬂu Por the Blandlnp gravels, and ls more
comparable to the Fisher Valley rate ot 0.15 g/ome /1,000 years Tharefore,
although Lhe White Mesa surface may be correlative with the Biani]n[ pediment
supface, the eolian deposits deseribed in the seil prof’les appear co be
younger than the Blanding gravels. Deposils that are correlative with the
Blanding gravels way be preserved locally elsewhere on White Mesa, or they may
have been completely eroded rom the surface,

b.2.3.3 Cclorado River

Fluvial and eolian deposits of prebable early Pleistocene age underlie
surlfaces bebtween 200 and 260 m (600 and 800 ft} above the Colorade River
{Figure 4-88Y, Thesc terrace deposits arc particularly abundant in the
vieinity of Hite (Locality A1} and Bullfrog Basin {localitises 73, Th, and 76;
Figures 1-1 and 4-UY4), west of the Elk Ridge area,

%.2:3,3.1 Hite, Loeality 51. Thaden et al. {1964) described a 10-m
{33-Tt)-thick section of Fine-grain sediments overlain by approximately 8 w
{25 ft} ol fan debris in an abandaned mcander of the Colorado River at Hite
(Locality 51}, These authors speculated that source sediments collected in -
the abandonéd channel aftsr landslides blocked the downstrzam end of the
meander. The surface of the old river chantbel, obsepvod benesath the badland
topograpiy of the fine-grained deposits, can be seen along the shore of
Lake Powell and [s approximately 90 m (300 ft) above the buttom of the canyon,
Using the long-term reglonal Incision rave of 0.24 n (0.8 ft) per 1,000 years
{(WCC, 16824, Vel. 1, p. 3-20), the abandoned meander wag probably isolated
from the main river channel approximately 375,000 years ago. Maliusk shells
Found in the lowest section of the fine-grained deposits would therefore be
younger than the isolated meander by an unknown amount,

The amine acld ratios derived from the mellusk shells sampled at
Locality 51.indicate that they are much older than any of "the other shell
samples analyzed (Tables 4-19 and 4=17).= The ailé/lle ratio for the. | Physa

shells is comparable to thab. of Lymnaca. shelis found-below the Lava Crech ash™~ 7

(610 Oﬁu y@av BP) in thtlv ddlléy U»wh (!ake Borinaville) {Table 4.12).
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-Locality 51.has a higher effective temperature than Little Valley, and Physa
shells have a higher rate of isocleucine epimerization than Eymbhaea - shells;

on -this basis, the-age of the locality 51 sample was estimated to be 500,000
(#300,000, -200,000).years. ~The large uncertainty reflects the-ungertain_. .. ..
T thormal nistéfy of the sample ;- the uncertainty-in-the iscleucine eépimerization
rate in Physa shells; and the large analytical error noted in duplicate runs
ol the sample. Sone of the analytical error may be the result of contamina-
tlon, as suggested by comparing other amino acid contents of the sample, The
bulk of the data indiecates that the sample is more rather than less than
500,000 years old (McCoy, 14983).

The age estimate derived From amino acid analyses at Locality 5t is older

~ than the estimate based on. assumed long-term rates-oft incision. At this
‘location, the amino acid data may more accuralely reflect the age of the
depoaits because the incision rate that has been used is considersd to be
conservatively high (WCC, 1982a, Vol. I). Data derived from the nistory of
Colorado River development indieats thal the river probably started forming
the present canyon system much earlier Chan is indicated by an incision rate
of G.2% m (0.8 ft) per 1,000 years, and that the rate may more accurately be
0,12 m (0.4 FL) per 1,000 years, or less,

The deposits at Hite provide zn excellent opportunilty to assess the
accuracy of the assumed incision rate and the ages estimated from amino acid
analyses because the sediments are suflficlently fine-grained for palszomagnetic
analysis. If they were found to be paleomagnetically reversed, the incision
rate in the last 730,000 years would nave averaged 0.12 w (0.4 ft) per
1,000 years, or less,

".2.3.3.2 Halls Crosging, Localities 73, ‘4, and 76. Age assessment
of thes¢ Ceposits was based on the visual evaluatvion ol the degree of pedo-
genic carbonate accumulation in the deposits, their topographic position
and paleomagnetic signature, and TL analysis. The highest terraces have a
Stage IV bto V ealecic s0il; a gravel and sand terrace abt Bullfrog Basin
{Locallty 73), at an elevation of 1959 m (635 ft) above the canyon hottom,
“is paleomapretieally reversed, These data indicate probable ages between
130,000 and 2.3 million yesars for the high deposits, TL dutes for the same
deposits are anomalously young (Sectior 4,1.3.4; Table 4-8); datcs oblained
from two sites (Localities 7H and 76) rvange from 180,000+411,800 to .
307,000+39,30C years BF (Tables 1-1, U.8, aud 4-19).

N3 EVALUATION OF AGE DATING METHODS

Several age dabing technigues applied te the Quaternary depusits of the
Paradox Basin provide egbimabes of Lhe rate at which geomorphic processes are
oceurring in the aren, Where conditions and materials permittoed, muiltiple
mebthods wore appliod to individual sites Lo compars the resulbs and bto addess
the acelracy and reprodueibllity of the various methods used. This section
summar | zes bthe shrengbhs and limiLations of the varjous webhods, and Cheir
applicabitity to the peologic secting ol southeastern Utah,
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The characteristics of pedogenig horizons ILVO]OPGd in Quaternary
deposits provide a means of asscssing thelr relative ages. . The accumitlation
cLof Latlg in seil profiles. hds baen Ub“[uﬁ in 1Jnnt1fylng sequenceas of burled

~gdeposits.in-Lhe- Paradox--Ba g studies, -and - stimating thetr-
..E}é§1Vé"and'dpp?oﬁihﬁhél.gt . InP method provides an qgﬂfépp:oxlmaLlon for a
deposit rathar than a well-defined date. 'The estimated accuracy of fthe tech-
nigue is +30 to 50 percent. Summary statements about this correlation methaod,
including derived conclusions and recommendations, arc given below

(Sections #,3.9.1 and 4.3.1.2).

430101 Conclusions

1. In the Parados Basin studies, accumulabtion of s0il carbonate
provided visual, qualitative means of comparing relative ages of
deposits; and quantitative assessments of the ages of deposits
through the catculation ci' the amount of pedogenic carbonate in
the soil profile. This relative dating method was found to be
applicable throughout the Paradoz Basin, cxcept at elevations
above the base of the local mountainsg.

2, Age assessments hased on calecic soll developnenl were acceptably
comparable to a previously established glaclial chronology in the
Spanish Valley correlation area, south of Moab. In the Paradox
Basin study reglon they also ozhibit a direet cerrelation with
Lhe height of Ethe deposit above present stream level, and were
comparable to TI. dates derived from the same locaulitles.

3. Ape assessments determined Irom pedogenic carbonate aceumula-
tions utilize a regional long-term carbonate accumulation rate,
and assume that soil carbonate dccumulation is a linear function
of timz. The range of maximum accumulation rates calculated for
the Paradox Basin by utilizing d@noslt» Hith reversed paleomag-
netic polarity is 0,15 to 0,30 g/em®/1,000 years, Oelatively
dCOUratF dah?a were used by the USGS te ealcuiabe -a rate of

15 gf(m /1,000 years for a thick sequence of Quaternary
depo&lt in [jshor Yalley, 29 um {18 mi) east of Moab (Colman,
1983}, This rate represents the most precisely determined longe
term carbonate accumulation rabe available in the area.. Because
of the variabllity in the influx rate over such a broad area and
Lime is unknown,. and boeause erosion may have removed some of the
age-hracketod sequence, ages oalculqtﬂd in this report yse an
accumulation rate of .15 to 0.25 g/em®/1,000 years, The car-
bonate influx rates developed during the Paradox RBasin studies
are maximum rates because a minimum age of 730,000 years has been
assumed for bhe deposits with reuwrspd paleomdrnnL1
stratigraphy.

h, Snort-term influx rates (i.e., for the Holocene) may be several

Limes highaer bthan the long-term rates,  This may be duz Lo local
er regional influences.
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5. Part of the pedogenic carbonate aceumulated in a soil profile may
.~ b2 (1) removed by erosion, or ((2) leached from the profile if the
elimate or ground-water flow changes sufficiently. Local varla-
tions in soil carbenate’ aOLumuldtlon may he-significant: beoause
of "nearby- %bructural topographI( @rObJonal contral.’ Alter-
nakively, 1t ‘may be dlfflcult to aao@rta1n the amount of carbon-
ate that has been derived from carbonate cement in the underlying
bedrock or from clasts in a gravel deposit, or to assess if the
accumulation of soil carbonate was limited by either excessive or
insufficient rainfall over significant periods of time,

6. Stream-deposited carbonate. can accumulaLe in deposits in close
proximity to intermittent-stveams: -1t is difficult to differen-
tiate between pedogenic and ground-water- or stream-deposiled
carbonate, cither in the field or in laboratory analyses of the
deposits.

“f. Reproducibility of the laboratory soil data used to caleulate
long-term carbonate influx rates was good, Also, measurements
could be reproduced within § percent on 80 percent of the dis-
guised duplicabte samples that were gubmibted for ealcimeter
analysis, Therefore, the greatest potential sources of error in
age assessments basced oh this technique are in the assumptions
mace about {13 the CaCC3 aontent of the parent material; (2) a
congtant pate of retention of alrborng carbanate in the soil
profile; (3) carbonate that may be deposited by ground water; and
(4) applicaticn of a uniform, long-term accumulation rate that
may in actuality be subject to loeal and temporal variations,

,3,1.2 Recommendations
1. Pedogenic carbonate assessments should conbinue to be used in

Paradox Basin studies to provide a useful qualitative and quan-
titative means of correiating Quaternary deposits, .

™~

Means should he developed ko address the local carbonabe influx
for the area of interest, and the variabtion in the influx rate
through time. Such hdeéFOund data could provide an assessment
ol the aucuravy of the quantitative age estimate,

4.3.2 Carbon-

Materials suitable for radiocarben dating were found in the Paradoy
Basin, and dates as old as. 10,000 years BP were obhained {'rom collected
samples, ‘This method proved to he ong oF the primary means of dating ['ine-
grainad Holocene d@pUH]tn. A sunmary of Findivgs and exparience of using the
Tilg dating teehniques in Paradox Basin Quaternary deposits includes
vonclusions and recommendabions listed In Sections 4.3.2.1 and 4,3,2.9,
respectively,
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"H.3.2.1 Conclusions

1

w

6.

Aithough materlials auitable Tor radiocarbon dating are present
in Paradax Basin deposits, they are very sparse and tend to be o
less: thap 10,000 yeavrs BP in‘age. No dates older than this were

Cdéerived N Ehe- Paradox " Basin studies LT T e

Many samples collected in the field and thought to be representa-
tive of the deposit of interest provided age dates that were
assessed to be too young. It was concluded that Chese samples
were probably secticons of burnt root that substantially postdated
the age ol the deposit, bub were difficult to recopnize ih_the

- field.

Mats of vepetabion debris deposited In lood events are most
likely to provide a dats that accurately reflects the zge of a
deposil in the depositiomal environment of the Southwest, These
represent a short instance in geologic time, and are not apt te
contain-material reworked Frow older depositional units,

Use of a method thal can accept small samples {(as little as 30 mg
in weight) resulted in dates that were as accurate as results
derived by other radiocarbon laboratory methods. However, with
such small samples, the amount of material available was insuf-
Ficient to permit verification of dates through duplicate dating
of split samples, '

Stratipraphically lnconsistent dates may have been due to the
small aize of a sample, the contamination of a sample by soll
solition, or bthe incorporation into the deposit of charred wood
significantly older than the depcsit.

I evaluating the reproducibility of radiocarbon data by submite
ting blind duplicate samples to lahoratoties, anly two of eight
duplicate samples exhibited contemporaneity. This exercise
demonstrated the need to have samples of adeguabe size for

‘duplicate analysis, and to thoroughly homogénize a sample

before it is split into bwo or mare portions.

AL Ehe present time, derived "gdod”_1”C dates are not sufficient

to differentiate chirondlopically those separabe Holovdene unlés
Lhal appear corvelakive, It s not clear whebher bthis i3 becauye
the samples arc-too @nall; because the age of bhe charcoal does
not. reflect the age of the deposit in which it was found: or
because the deposits are time-transgressive, and Lherelore may
show no chronolopic synchronelity.

B,3.2.2  Recommendations

}

More than one sample per site should be submittoed for analysig to
cvaluabe the tedt pesults Cor stratigraphic reasonableness,
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2, THé collection of chunks or piecéd of charedal that oceur -
randomly in fine-grained deposits should be avoided. These could
represent- charcoal reworked From an older deposit, or a recently

. deceased tree that is significantly older than the deposit. They
- Will provide only a-maximum age for the sampled horizon.

'f3¥1'id'édﬂﬁi%t&ﬁg?duﬁliéate'sampies-tb"téS£"Ehé Eehﬁéduciﬁility of
laboratory results, the whole sample should be thoroughly ground
and mixed before splitting for the separate analyzes,

1.,3.3  Thermoluminescence Dating

A total of 57 TL dakes was derived from a variety of sedimentary deposits

in the Paradox Basin., -Conclusions, and recommendations for subsequent TL
dating analyses, are summarized in the following sections (Seckions 4.3.3.1
and #.3.3.2). :

4.3.3.1 Conclusions

1. Pased on the evaluation of the TL dates obtained in the Paradow
Basin Praject, the 7L dating technique is assessed to be paoten-
tially very useful as an age-dabing tool For Quaternary studies
in the 3cuthuest.,

2, flmost all of the derived TL dabes, except for those from
deposits estimated to be older than 300,000 years, are strati-
graphically conhsistent, and are of the same order of magnitude as
ages estimated Crom pedogenic carbonabe content in soil profiles.
Correlation between TL dates and pedogenic carhornate data is
favorable for sites having a pedogenie carbonabte age of
<200,000 years BP, '

3. " TL-derived dates from deposits interpreted on the basis of
bopographic position or ealeic soil morphology te be more than
300,000 years in-age wore assessed to be too young., Oune expla-
nation for this obgervation i3 that young eolian material filters
downward through the soll profile and "contaminates" the older
underlying deposits, resulting in a date that is. an aveeage of
the dges oF bhe two pavent materials, ‘ o '

I, An alternative explanation lor the inabllity of the TL method to
provide dates older than approximately 300,000 years for early
Fleidtocens deposits ig thab samples are gaturated with the
amount of thermoluminescence that can be contained in che crystal
lattices of minerals, This would create an upper limftation on
the applicable TL dating range,

i

Ten TL samples Were cellected from s#ix sites where sutficient
radiocarbon material was avallablz for dating. The results of
Lhe TL analyses are in general agreement wibh e dates ab two
- sites, bub the-ravges.of-bhe  Lwo sets of dates.-do- hob-overlap,
(Results from, tho other carhon-dated sites are suvabigraphieally. .



acceptatle, 'whereas the dates {rom the fifth and sixth sites are
anomatous (Table 4-9). The aid (59,10026, 780 years) TL age for.a
Holoccne deposit abt one of CLhase sited suggests that the dabed
fluvial  deposit did not oompletely loge ita previous TL -gignal
prlor to burlal ' ' o

4. 3.3.2 Recommendalions

1, Continued application of the . dating tachnique to Quaternary
studies is recommended, particularly in arcas such as the South-
wast, where fing-graingd (particularly eolisn) deposits are
comnen,

2. &lthough silt-size particles separatcd irom gravc] uampiCh
provided geologically reasonable dates in the Paradox Basin

gtudies, the collection of gravel [or age assessments by this
teChﬂlan iy not recommended. The inhomogeneities in the gravel
clasts can introduce Loo many' variabies that cannot be assessed
and removed in the TL laborabory analyses.

(ar

The TL dating method is still considered by many to be an experi-
mental technique because 1t has not been widely applipd or
tasted, Therefore, duplication or verification of derived dates
is recommended to ensurce the acsutacy of the data.

oA Amine Acid Diagenesis

Apes were estimated Pot 13 samples of mollusk shells ard 12 soll samples
on the basis of amino acid ratios in the samples. Conclusions and recommenda-
Liong in the Following sechions (Sections 4.3.4.1 and #,3.4,2) summarize the
application of this dating methed to Paradox Busin studins. '

4,3 4,1 Conclusions

b, Some of the age estimates derived from the amino acld analyse
are ih accordance With the age interpreted For the deposity by
other means, Other derived ages Were assesscd to be too young.

-2, The derived age estimabtes are expressed In a broad range
{+1% percent), reflecting the uncertainty in estimating the
.pdleothrmal history, whion ls determined by depth burial and
palooo11matlc condltions,

3. An amine acid analysis in cobjunction with g daLe or obther age
wonbrol; can be used to d@VPlop palesclimabic asgessments for an
arca because the amino acids arc btemperature sengitive. '

. The analyzed 5011 samples were collacted [rom nihe carbonate-rich
Cand three clay-rieh horizong, ‘The alle/slle (7)) ratlo For the
ealede-salls demonstratod no-correlatfon with-the edpected-apge
ol . Lhgt prtenial, indicabing that the. sanples. containsreeontly
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infiitrated organic matter or that carbonate hag continued to
accumulzte in thz upper part of the soil. .Data from the argillic ™
soil hori?one'appear Lo have more direct correlation with sample .

“age. The data base is limited, ‘however, and more. study is. needed:_.“'f'ﬂ

" UEETEhGReughly Jevaluateghe - feaglOlllqy of-dating-soils using =
amino aeid analysis, Without additional research, the method did
not demonstrate sufficient promise for further applieation to
this project.

4.3,4.2 Recommendations

{. Sampling.of mollusk shells for amino aci stimates should
continue in order bto improve the assessme: 1 the accuracy of

this method. Although some of the derived datves from mollusks
were assessed to be oo young in the Paradox Basin studies, this
gvaluation may be in error, At the present Eime, there is not

- adeguate age control for deposits in which the shells were found,
and the assessment ls baged on the eatent of calelic soil deva!op-
ment in the overlying horizons,

2. Further collection of soil samples lor amine acid analyses is not
recommended for future Paradox Basin Quaternary studies, given
the present understanding of the methed. [P additional researcoh
refines its application as a correlalion or dating tecnnique,
reconsideration ¢f this recemmendation may be warranted.

4.3.5 Pale omagnetlsm

The paleomagnetic signature of sediments has beer used most extensively
on this project to ldentify deposits that are at least 730,000 years old
{i,e., that are paleom.grnetically reversed}. Knowing the minimum age of
Quaternary strata of interest provides a maximum rate for gegmorphic or
geologic processes that have affected Lhat deposit atb the locations wnere data

“are avallable,

4.3,5.1 Conelusions

i, Sediments that are at least 730,000 years oud were identiricd ab
seven locallbies during the study, and long-term innision rates
and carbonate 1ntlux rdte “were caleulated on the basig of these
data, ' '

2. Many of these sampley display cevidence of a complex history of
magnetization., Scome of bhis qumplexity appears to be assosiabed
with the case-hardening eflfect that typifies bthe Hurfaces of
tmabiral exposures; the paleomagnetis signaturs was less complex
for samples that had been aollactzd at leasc 0.3 w (1 ft) ffom
the face of the uutoropg

3. -Ialeomagnwtiu analyses-of Holocene aeposits indlaated that a
' consiztent trend 1n a-secular variation patbern could be detedted
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for strata that were radiocecarbon-dated between approximately

_7204550 and 1,600+100 years 8P. llowever, .in order to construct a

secular variation curve for the last 5,000 to 10,000 years, and

to apply it to the correlation of Holocene sediments in the-
“~-Paradox-Basin, additignal-sampling -and;radigcarbon analyses are:

‘needed, -This particular-application of paleomagnetic analjsl

has not been further pursued.

%.3.5.2 Recommendations

i, Paleomagnetic signabtures should continue to be used to identify
.deposits of early Pleistorene age (-730,000 ysars) in the Paradox
Basin. Of particular interest is the brackcting of the Bruhnes-
Matuyama reversal ln terrace deposits along the Colorado River In

order to establish an ineision rate that is definitive for the area,

2,  fpdditional use of remanent mragnetization as a means of correlating
Holocene deposits in the Paradox Basin is not recommended. More
effective dating techniques are available,

1,3.6 Uranium-3eries Analysis

Use of U-series analysis to date a limited number of carbonate rinds
appears to provide dates that are too young; however, a U-series date on a
manmolth{?) tusk is thought to be too old., An insufficient number-of samples
wasg run during the project to adequately evaluate the U-series dating mebhod,
Reproducibility of the data should be further assessed by dating sample suites
{3 or I samples eaclh) vollaected from the same =o0il horizon at one locality.

§,.3.7 Relatlve Weathering

Relabive weathering methods that wers assessed for thelr usefulness in
digtinguishing Quacerary ‘deposits of varying ages are (1) wpabhertng pind
thicknnss on igneous cobbles in gravel terraces; (2) stehing of neavy mingral
grains in specilfie soil horizons; and (3) X-ray analyslo cf 2lay, quarbz, and
feldspar minerals in soil profilex

Measurement of waathering rinds at Ghe 3panigh Valley rcorrelation area
and ab the Indian Creek terrace site in the Gibgon Dome area revealed no
sufficiently definitive treénd of rind thicknesa wita increasing age of tha
terrace.  This general lack of correlation has heen attribubed to variability
in lithology of the clasts, spalling Prom the cuber surface of the clasts, and
degelerabion of weabhering caused hy carbonate accumuilation on the clasts,

the extent - ol ctening of hornblende “and auglée mineral grains way
compared with ages of deposits at four losations in the Faradox Basin, The
Srends obsarved were too pooirr to consider uJJug Ehe bechnique in subseguent
studies. Etching appears to be proceeding slowly, possibly becsuse of the low
rainfall amounds in bhe arcas examined, . Othep complicabing factors included

23k



recycling of stohed grains, potentially different weathering histories fur .
buried and relict soils on parent materials of similar age, and the lack of
augite in Quaternary gravel derived from the Abajo Mountains,

~The. use oF X= =Pay: analy51s of bllf—-and clay Slze mater1al collecled from 1j“f*l':'

a sozl profile shows promisé as a relativée dating method and a means of
correlating Quaternary deposits, Although a weathering index that compares
quartz and feldspar peak intensities does not show any consistent trend within
soil profiles, the characteristies of X-ray diffractograms appear usaful in
defining depositional contacts and soil horizons within a sampled exposure.

. These interpretationsz can be compared with variations in intensity values for
quartz, feldspar, and clay peaks on the diffractograms, which alse collee=

tively define kreaks in the depositional and/or pedologic process. .The over- .. . .

“all trend is that intengity values of the quartz and plagioclase minerals
decrease with age; however, Pecause of the lack of data, it has nol yet been
possible to assess the correlative possibilitles of the method.

4,3.8 Topographic Position

Use of topographic position, (i.e., the elevation of a deposit or surface
above present stream level) to derive an age asszessment is applicable to the
Papadox Basin area, where relief is high and stream incision has been in
progresg for hundreds of thousands of years, A (maximum} long-term incision
rate of 0,20 m (0.8 f£t) per 1,000 years for the major rivers [the Colsrado,
San Juan, and Green Rivers) in the Paradox Basin regleon can be used to esti-
mate the approximate (minimum) age of deposits whose height above present
stream level ig known. Although the incision rate is assumed to be constant
in bhese caleulations, it probably varies in response to climatic changes and
lithologic variations encountered in the downcutting process. The method is
not applicable to.Holocene fine-grained daposits; because stream incision has
apparently been minor during Hmlocene time, Fine-grained material has prob-
ably heen repeatedly flushed from and depozited in bedrock channels throughout
the area during Holocene time,

. Topographic position may nob be useful as an age indicator where g-

deposit or surface has been topographically disrupted by faulting ¢r by salt
dissolution ang subsidence., However, the anomalous topographic satting in
these situations can grovide an indiecation oF the amount and pernaps the rate
at which ceformation. iw geclrring.

4.3.9  Summary

On the baszis of the data gathered for this project, Ehe techniques that
were asgessed as most applicable to current studies are the accumulation of
pedemenic carbonate in soll profiles, radicearbon dating, TL dating, amino
acld diagenesis, paleomagnetlic analysis of ¢asly Pleistoocene deposits; and
hopegraphic position of deposits and surfacec., Application of these tech-
alques to future Quaternary studiszs should continue during site charscteriza-
tlon sbudise, I¢ surfleial deposits are present, these mathods can also be
used to evaluate Lhe activity of faulbts or rate. of salt dissolution during.
"Quaternary r[me ' :
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